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Setup

Packages used

if (!require("pacman", quietly = TRUE)) {
install.packages("pacman")

}

pacman: :p_load(
tidyverse, # Used for basic data handling and visualization.
tablel, #Used to add lables to variables.
mgcv, #Used to model non-linear relationships with a general additive model.
ggmosaic, #Used to create mosaic plots.
car, #Used to visualize distribution of continuous variables (stacked Q-Q plots).
dagitty, #Used in conjunction with https://www.dagitty.net/ to create
#directed acyclic graph to inform statistical modelling.
report #Used to cite packages used in this session.

Session and package dependencies

R version 4.3.3 (2024-02-29 ucrt)
Platform: x86_64-w64-mingw32/x64 (64-bit)
Running under: Windows 11 x64 (build 22631)

Matrix products: default

locale:

[1] LC_COLLATE=Spanish_Mexico.utf8 LC_CTYPE=Spanish_Mexico.utf8
[3] LC_MONETARY=Spanish_Mexico.utf8 LC_NUMERIC=C

[5] LC_TIME=Spanish_Mexico.utf8

time zone: Europe/Berlin
tzcode source: internal

attached base packages:
[1] stats graphics grDevices datasets utils methods  base

other attached packages:



[1] report_0.5.8 dagitty_0.3-4 car_3.1-2 carData_3.0-5

[5] ggmosaic_0.3.3 mgcv_1.9-1 nlme_3.1-164 tablel_1.4.3
[9] lubridate_1.9.3 forcats_1.0.0 stringr_1.5.1 dplyr_1.1.4
[13] purrr_1.0.2 readr_2.1.5 tidyr_1.3.1 tibble_3.2.1

[17] ggplot2_3.5.0 tidyverse_2.0.0 pacman_0.5.1



Assessment of independent variables

The selection of variables that will be assessed is according to the following directed acyclic
graph which will be used again before statistical modelling, to assess conditional independen-
cies.

DAG

DAG generated in the DAGitty website and sourced from the accompanying script
DAG __atelectasis.R

type_obesity atelectasis_percent spo2_VPO
age
CPAP_use
sex
oxygen_use
COPD altitude_cat
asthma sleep_apnea

The rationale for variables in this DAG are as follows:

Exposure

The increasing degree of obesity, according to the WHO obesity class categories or BMI, is the
exposure of interest.


https://www.dagitty.net/

Primary outcome

Having atelectasis (Yes or No) and an increasing degree of atelectasis (atelectasis_percent)
are the main outcomes of interest. An arrow from type_ obesity to atelectasis represents the
exposure-outcome relationship of interest.

Secondary outcome

Decreasing preoperative SpO2 is hypothesized to be related to an increasing degree of obe-
sity. An arrow from type_obesity to spo2_ VPO represents this. Atelectasis_ percentage
is thought to be the main mediator of the effect of BMI on preoperative SpO2. An arrow
from type_ obesity to atelectasis_ percent, followed by an arrow from atelectasis_ percent to
spo2_ VPO.

Covariates

Sex and Age

These two variables are known to be associated with a higher risk of developing postoperative
atelectasis in patients with obesity undergoing bariatric surgery. Baltieri, et al.. Arrows orig-
inating from these variables and going to type_ obesity, atelectasis_ percent, and spo2_ VPO
represent these relationships.

The implications for analyses is that sex and age are both confonders to be accounted for
in both the models with atelectasis and SpO2 as outcomes.

Obstructive sleep apnea

Increasing BMI is a strong risk factor for OSA and OSA severity. Baltieri, et al. Therefore, an
arrow originating in type_ obesity, pointing towards OSA represents this relationship. OSA
is hypothesized to lead to the degree of atelectasis and preoperative SpO2. Therefore, an
arrow from OSA to atelectasis_ percent and spo2 VPO represents these relationships. The
implications for the analysis are the following:

1. OSA is a potential mediator of the effect of BMI on atelectasis percentage. Therefore,
this variable should not be adjusted for in the models with atelectasis as the outcome.

2. OSA is a confounder of the mediator-outcome relationship in the models with SpO2
as the outcome.


https://doi.org/10.1016/j.bjane.2014.11.016
https://doi.org/10.1378%2Fchest.09-0360

Asthma

It has been shown that obesity leads to asthma, whereas the inverse relationship is very unlikely
to be possible. Thus, an arrow from type obesity to asthma was drawn. Yang-Ching, et al..

It has been reported that obesity-assiciated late onset non-allergic asthma is negatively related
to atelectasis due to a tendency to develop more air trapping than atelectasis in these patients,
compared to patients with obesity and no diagnosis of asthma in whom the airways collapse
slowly and air is expelled, leading to atelectasis. Bhatawadekar , et al.. During sleep, asthma
affects SpO2 independently of BMI and OSA. Sundbom, et al. For these reasons, an arrow
from asthma to atelectasis, and an arrow from asthma to SpO2 was drawn.

The implications for the analysis are the following:

1. Asthma is a potential mediator of the effect of BMI on atelectasis percentage. Therefore,
this variable should not be adjusted for in the models with atelectasis as the outcome.

2. Asthma is a potential confounder of the mediator-outcome relationship in the models
with Sp0O2 as the outcome.

COPD

Although there is a strong relationship between undernutrition and COPD, the releationship
between obesity and COPD has been inconsistent among studies. Since this study only in-
cluded patients with obesity, the potential relationship between underweight and COPD is
likely not relevant for this particular study. Furthermore, there is still doubt regarding any
potential role of obesity-related pathophysiological mechanisms which could potentially lead
to COPD. Hanson, et al. For these reasons, an arrow between COPD and obesity (or the
inverse) was not drawn. This assumption was checked through the conditional independencies
check (see Part 4), and this assumption is consistent with the data.

Regarding a relationship between COPD and SpO2, there is a clear relationship between these
variables, reason why an arrow going from COPD to SpO2 was drawn. As for atelectasis,
studies have found atelectasis, especially in patients with wood smoke-realted COPD. Gonzélez-
Garcia, et al and Carmo Moreira, et al Thus, an arrow from COPD to atelectasis was drawn.

Altitude

Although not directly linked to obesity, participants with OSA at an an altitude above 1600
meters can develop hypobaric hypoxia, which “promotes frequent central apneas in addition
to obstructive events, resulting in combined intermittent and sustained hypoxia”. Bloch, et
al

For the atelectasis outcome, I could not find evidence either supporting or rejecting an as-
sociation between altitude and prevalence of atelectasis. However, during the conditional


https://www.nature.com/articles/s41366-018-0160-8
https://www.atsjournals.org/doi/10.1513/AnnalsATS.202010-1317RL
https://doi.org/10.5664/jcsm.10178
https://doi.org/10.2147/copd.s50111
https://doi.org/10.1590/s1806-37132013000200005
https://doi.org/10.1590/s1806-37132013000200005
https://doi.org/10.1590/s1806-37132013000200006
https://doi.org/10.1089/ham.2015.0016
https://doi.org/10.1089/ham.2015.0016

independencies assumptions testing procedure, the data suggested a correlation, reason why
an arrow from altitude to atelectasis was drawn as the reverse is less likely to be true (i.e.,
obesity would hardly determine the altitude of the place of residence).

The implications for analyses is that altitude _cat is a potential confounder to be accounted
for in both the models with atelectasis and SpO2 as outcomes.

Oxygen use at home and CPAP use at home

These variables are descendants of the exposure, mediator, outcomes, and covariates of interest.
The implications for analyses is that these 2 variables should not be adjusted for in any of the
models.

Hemoglobin

There is no strong evidence supporting a link between BMI and hemoglobin. In any case,
hemoglobin would be a descendant of all main variables of interest (exposure, mediator, and
outcomes). Thus, hemoglobin was excluded from this DAG for simplification.

Other variables

Other variables that are potential confounders are not shown in this DAG since they were
addressed by design in this study as follows:

e Current COVID-19: Exclusion criteria were applied to n=2 patients with CO-RADS
3 and n=2 with CO-RADS 4. Only participants with low probability of COVID-19
(CO-RADS 1 and 2) were included in this study.

o Prior COVID-19: This was an exclusion criterion (n=3).
 Bronchiectasis in chest CT: This was an exclusion criterion (n=0).
o Neuromuscular diseases: This was an exclusion criterion (n=0).

o Prior of current tuberculosis: This was an exclusion criterion (n=0).

Unmeasured variables

Due to the possibility of unmeasured confounders, E-values will be calculated and presented
when possible as sensitivity analyses.



Description of independent variables

Age

Summary:

Min. 1st Qu. Median Mean 3rd Qu. Max.
20.00 32.75 40.00 40.26 48.25 65.00

The mean age was 40.3 (SD: 9.87).

Sex

Frequencies:

sex
Woman Man
214 22

Percentage:

sex
Woman Man
90.7 9.3

Most patients in the sample were woman (n=214, 90.7%).

Body mass index (BMI)

Summary:

Min. 1st Qu. Median Mean 3rd Qu. Max.
30.00 34.63 40.30 41.37 46.02 77.31

Frequencies:

type_obesity
Class 1 Obesity Class 2 Obesity Class 3 Obesity
63 53 120

Percentage:



type_obesity
Class 1 Obesity Class 2 Obesity Class 3 Obesity
26.7 22.5 50.8

Distribution of BMI was assessed earlier. It is right-skewed due to extreme values (verified out-
liers). The WHO classification of BMI for obesity class will be used to complement descriptions
and for potential use later during statistical modelling.

The median BMI was 40.295 (IQR: 34.63- 46.02). The distribution of BMI was
right-skewed due to extreme BMI values (range: 30- 77.31). Most patients were
in the class 3 obesity category (n=120, 50.8%), followed by class 1 (n=63, 26.7%)
and 2 (n=>53, 22.5%). a

Obstructive sleep apnea

Frequencies:

sleep_apnea
No Yes
203 33

Percentage:

sleep_apnea
No Yes
86 14

Patients with a diagnosis of OSA were 14% (n=33) of the sample.

Asthma

Frequencies:

asthma
No Yes
216 20

Percentage:
asthma

No Yes
91.5 8.5

Patients with a diagnosis of asthma were 8.5% (n=20) of the sample.
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COPD

Frequencies:
COPD

No Yes
228 8
Percentage:
COPD

No Yes

96.6 3.4

Patients with COPD were 3.4% (n==8) of the sample.

Altitude

Summary:

Min. 1st Qu. Median Mean 3rd Qu. Max.
31.0 519.0 519.0 652.7 806.0 1861.0

Distribution of altitude was assessed earlier. Distribution is very unclear due to very
widespread datapoints. Thus, I will create a new variable categorizing values according to the
study by Crocker ME, et al.

Frequencies:

altitude_cat
Low altitude Moderate altitude
205 31

Percentage:

altitude_cat
Low altitude Moderate altitude
86.9 13.1

11


https://doi.org/10.1016/S2214-109X(19)30543-1

Sp02

Summary:
Min. 1st Qu. Median Mean 3rd Qu. Max.
88 93 96 95 97 99

Distribution of SpO2 during the pre-anesthetic is left-skewed due to some participants exhibit-
ing decreased SpO2. I will categorize according to clinical categories to assess the proportion
of patients with decreased SpO2:

Proportion of patients with decreased SpO2

Frequencies:
spo2_cat
90 90 to 94 >94
15 75 146
Percentage:
spo2_cat
90 90 to 94 >94
6.4 31.8 61.9

The median SpO2 during the pre-anethetic assessment was 96 (IQR: 93-97) %,
with a minimum value of 88%. Of these, n=146 (61.9%) had normal SpO2 (above
94%), whereas n=75 (31.8%) had a value in the 90-94% range, and n=15 (6.4%)
had 90%.

Oxygen use
Frequencies:
oxygen_use

No Yes
206 30

Percentage:
oxygen_use

No Yes
87.3 12.7

A total 30 (12.7%) patients used oxygen at home.

12



CPAP use

Frequencies:

CPAP_use
No Yes
203 33

Percentage:

CPAP_use
No Yes
86 14

whereas 14% (n=33) reported using CPAP.

Hemoglobin

Summary:
Min. 1st Qu. Median Mean 3rd Qu. Max. NA's
9.90 13.90 14.50 14.54 15.20 18.50 2

Distribution of hemoglobin was assessed and follows a normal distribution. Two participants
don’t have a hemoglobin value.

13



Relationships between independent variables

BMI and Sp0O2
Scatterplot
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Relationship does not seem to be linear (also, variables were not normally distributed, with
outliers), but suggests a negative correlation. Will assess if a smooth BMI term explains SpO2
better, and if so, what is the best number of knots to model this relationship:

Models evaluated with the accompanying sourced script nonlinear  BMI SpO2.R

All non-linear models are significantly better than linear. Thus, using a smooth term for BMI
is better than modelling a linear relationship.

Best AIC:

1ist (AIC_k2,AIC_k4,AIC_k6,AIC_k8,AIC_k12)

[[1]1]
[1] 1048.14

[[2]]
[1] 1040.448

[[311]

14



[1] 1036.959

[[4]1]
[1] 1036.83

[[5]1]
[1] 1037.165

Regarding AIC, the models with k>6 are not better at explaining the variance. Thus, I will
with k=5 since the best model is expected to be anywhere between k=4 and k=6:

1ist (AIC_k4,AIC_k5,AIC_k6)
[[1]1]
[1] 1040.448

[[2]1]
[1] 1037.475

[[31]
[1] 1036.959

Model with k=5 still offers and advantage compared to k=4 (drop in AIC). No other improve-

ments in k-index or visual representation are achieved with higher k. Thus, will use k=5 to

model.

15
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Negative non-monotonic relationship since SpO2 decreases, but then seems to increase slightly
again at BMI 40, followed by a marked decrease as BMI decreases at values higher than ~42.

Spearman’s correlation coefficient shouldn’t be used due to relationship not being monotoni-
cally decreasing. However, I will calculate it just to have a rough idea (but will not report this

in the paper).

Spearman's rank correlation rho

data: spo2_VPO and BMI
S = 31056183, p-value = 2.28e-11
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
-0.417458

BMI exhibited a negative non-linear monotonic relationship with SpO2 (Figure
1B, rho= -0.417, p<0.001).

16



BMI and age

Scatterplot

Age (years)

20 30 40 50 60
I

Body mass index (kg/m?)

Datapoints scattered. Relationship monotonic and probably linear, but there are influential

true outliers with extreme BMI. Will assess with Spearman correlation analysis due to extreme
BMI values.

Spearman's rank correlation rho

data: age and BMI
S = 25630759, p-value = 0.017
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
-0.1552445

Age had a weak negative correlation with BMI (rho= -0.155, p=0.017).

BMI and sex

Median BMI:

17



# A tibble: 2 x 7
sex n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 Woman 214 39.8 34.5 45.5 30 74.9

2 Man 22 43.0 37.9 46.2 30.8 77.3
o
E o ©
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B o ! !
o o
E q. h—
3 : !
o o _|
m @ | |
Woman Man
Sex

Distribution not normal and influential outliers. Will assess non-parametrically.

Wilcoxon rank sum test with continuity correction

data: BMI by sex
W = 1918.5, p-value = 0.1537
alternative hypothesis: true location shift is not equal to O

The median BMI was not different between men (43, IQR: 37.9-46.2) and women
(39.9, IQR: 34.5-45.5) (p=0.154).
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BMI and sleep apnea
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Obstructive sleep apnea

Distribution not normal and influential outliers. Will assess non-parametrically.

# A tibble: 2 x 7

sleep_apnea n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 No 203 39.4 34.1 43.5 30 74.9
2 Yes 33 51.5 42.2 55.7 32.4 77.3

Wilcoxon rank sum test with continuity correction

data: BMI by sleep_apnea
W = 1301.5, p-value = 1.812e-08
alternative hypothesis: true location shift is not equal to O

The median BMI was significantly higher in participants with sleep apnea (51.5,
IQR: 42.1-55.7) compared to those without OSA (39.4, IQR: 34.1-43.5) (p=0).
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BMI and asthma

o

£ 8

o o _|

< K~
0

s 9 | .

he} © '

= !

o 1

@ b ! S

© o !

E q_

3 :

o o _

m @ | |
No Yes

Asthma

Distribution not normal and influential outliers. Will assess non-parametrically.

# A tibble: 2 x 7

asthma n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 No 216 40.4 34.9 46.1 30 77.3
2 Yes 20 35.7 34.3 41.3 30.8 48.5

Wilcoxon rank sum test with continuity correction

data: BMI by asthma
W = 2695.5, p-value = 0.06701
alternative hypothesis: true location shift is not equal to O

The median BMI was not significantly different in patients with asthma (35.7, IQR:
34.3-41.3) compared to those without (40.4, IQR: 34.9-46.1) (p=0.067).
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BMI and COPD
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Chronic obstructive pulmonary disease

Distribution not normal and influential outliers. Will assess non-parametrically.

# A tibble: 2 x 7

COPD n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 No 228 39.8 34.6 45.3 30 77.3
2 Yes 8 49.2 44.2 53.0 32.4 56.3

Wilcoxon rank sum test with continuity correction

data: BMI by COPD
W = 453, p-value = 0.0157
alternative hypothesis: true location shift is not equal to O

The median BMI was significantly higher in participants with COPD (49.2, IQR:
44.2-53) than those without COPD (39.9, IQR: 34.6-45.3) (p=0.016).
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BMI and oxygen use
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Supplementary oxygen use at home

Distribution not normal and influential outliers. Will assess non-parametrically.

# A tibble: 2 x 7

oxygen_use n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 No 206 39.4 34.2 43.7 30 74.9
2 Yes 30 2.6 41.8 56.4 32.4 77.3

Wilcoxon rank sum test with continuity correction

data: BMI by oxygen_use
W = 1213.5, p-value = 7.883e-08
alternative hypothesis: true location shift is not equal to O

The median BMI was significantly higher in patients who reported oxygen use at
home (52.6, IQR: 41.8-56.4) compared to those with no supplementary oxygen use
(39.4, IQR: 34.2-43.7) (p<0.001).
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BMI and CPAP use
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Continuous positive airway pressure (CPAP)

Distribution not normal and influential outliers. Will assess non-parametrically.

# A tibble: 2 x 7

CPAP_use n median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <dbl> <dbl>
1 No 203 39.4 34.1 43.5 30 74.9
2 Yes 33 51.5 42.2 55.7 32.4 77.3

Wilcoxon rank sum test with continuity correction

data: BMI by CPAP_use
W = 1301.5, p-value = 1.812e-08
alternative hypothesis: true location shift is not equal to O

The median BMI was significantly higher in participants with CPAP use at home
(51.5, IQR: 42.1-55.7) compared to those who did not report CPAP use (39.4, IQR:
34.1-43.5) (p<0.001).
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Age and Sp02

Scatterplot
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Do not seem to be correlated. Will apply Spearman’s correlation test:

Spearman's rank correlation rho

data: spo2_VPO and age
S = 2143192, p-value = 0.7405
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
0.02167287

Age and SpO2 were not correlated (rho= 0.022, p=0.74).
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Age and sex
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Sex

Distribution near-normal, but light tails for women. However, t-test could be robust to devia-
tions from normality and differences in group size. Will assess mean and variance for further
testing:

# A tibble: 2 x 5

sex n age_mean sd variance
<fct> <int> <dbl> <dbl> <dbl>
1 Woman 214 40.2 9.94 98.9
2 Man 22 40.6 9.28 86.1

Variances are similar. However, group sizes differ my 10x. Welch’s t-test more suitable:

Welch Two Sample t-test

data: age by sex
t = -0.19917, df = 26.213, p-value = 0.8437
alternative hypothesis: true difference in means between group Woman and group Man
95 percent confidence interval:
-4.715913 3.882438
sample estimates:

25
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mean in group Woman mean in group Man
40.21963 40.63636

Mean age was similar bethween men (40.6, sd:9.3) and women (40.2, sd:9.9)
(p=0.844).

Age and sleep apnea

Distribution near-normal. Will assess mean and variance for further testing.

# A tibble: 2 x 5

sleep_apnea n age_mean sd variance
<fct> <int> <dbl> <dbl> <dbl>
1 No 203 40.1 9.88 97.7
2 Yes 33 41.2 9.87 97.5

Size per group very different, variances do not look similar. Welch’s t-test more suitable:

Welch Two Sample t-test

data: age by sleep_apnea
t = -0.57922, df = 43.092, p-value = 0.5655
alternative hypothesis: true difference in means between group No and group Yes is not equal
95 percent confidence interval:
-4.810659 2.663772
sample estimates:
mean in group No mean in group Yes
40.10837 41.18182

Age was not significantly different between participants with OSA (41.2, sd:9.9)
and those without (40.1, sd:9.9) (p=0.565).

Age and asthma

Distribution normal. Will assess mean and variance for further testing.

# A tibble: 2 x 5

asthma n age_mean sd variance

<fct> <int> <dbl> <dbl> <dbl>
1 No 216 40.3 9.82 96.5
2 Yes 20 40.1 10.6 112.
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Size per group very different, variances look similar. Welch’s t-test more suitable due to
differring group size:

Welch Two Sample t-test

data: age by asthma
t = 0.070295, df = 22.127, p-value = 0.9446

alternative hypothesis: true difference in means between group No and group Yes is not equal
95 percent confidence interval:

-4.933425 5.279722

sample estimates:

mean in group No mean in group Yes

40.27315 40.10000

Age was not significantly different between participants with asthma (40.1, sd:10.6)
and those without (40.3, sd:9.8) (p=0.945).

Age and COPD

Group size low to conclude distribution for COPD positive patients. Will assess mean and
variance for further testing.

# A tibble: 2 x 5

COPD n age_mean sd variance

<fct> <int> <dbl> <dbl> <dbl>
1 No 228 40.3 9.88 97.6
2 Yes 8 39 10.1 102.

Size per group very different. Welch’s t-test more suitable:
Welch Two Sample t-test

data: age by COPD
t = 0.35835, df = 7.4762, p-value = 0.73
alternative hypothesis: true difference in means between group No and group Yes is not equal
95 percent confidence interval:
-7.183172 9.788435
sample estimates:
mean in group No mean in group Yes
40.30263 39.00000

Age was not significantly different between participants with COPD (39, sd:10.1)
and those without (40.3, sd:9.9) (p=0.73).
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Age and oxygen use

Distribution near-normal. Will assess mean and variance for further testing.

# A tibble: 2 x 5

oxygen_use n age_mean sd variance

<fct> <int> <dbl> <dbl> <dbl>
1 No 206 40.2 9.85 97.0
2 Yes 30 41.0 10.1 103.

Size per group very different. Welch’s t-test more suitable:

Welch Two Sample t-test

data: age by oxygen_use
t = -0.41098, df = 37.416, p-value = 0.6834
alternative hypothesis: true difference in means between group No and group Yes is not equal
95 percent confidence interval:
-4.809765 3.187111
sample estimates:
mean in group No mean in group Yes
40.15534 40.96667

Age was not significantly different between participants with self-reported oxygen
use (41, sd:10.1) and those without (40.2, sd:9.8) (p=0.683).

Age and CPAP use

Distribution near-normal. Will assess mean and variance for further testing.

# A tibble: 2 x 5

CPAP_use n age_mean sd variance
<fct> <int> <dbl> <dbl> <dbl>
1 No 203 40.1 9.88 97.7
2 Yes 33 41.2 9.87 97.5

Size per group very different, but equal variances. Conventional t-test expected to be robust:
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Two Sample t-test

data: age by CPAP_use
t = -0.57882, df = 234, p-value = 0.5633
alternative hypothesis: true difference in means between group No and group Yes is not equal
95 percent confidence interval:
-4.727155 2.580268
sample estimates:
mean in group No mean in group Yes
40.10837 41.18182

Age was not significantly different between participants with CPAP use (41.2,
5d:9.9) and those without (40.1, sd:9.9) (p=0.563).

Sp02 and sex

~ 9 -
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Woman Man
Sex
Distribution deviates from normal and small group size for men. Will assess non-
parametrically.
# A tibble: 2 x 7
sex n spo2_median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <int> <int>
1 Woman 214 96 93 97 88 99
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2 Man 22 94.5 92 97.8 88 98

Wilcoxon rank sum test with continuity correction

data: spo2_VPO by sex
W = 2602, p-value = 0.413
alternative hypothesis: true location shift is not equal to O

The median SpO2 was not different between men (94.5, IQR: 92-97.8) and women
(96, IQR: 93-97) (p=0.413).

Sp02 and sleep apnea
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No Yes

Obstructive sleep apnea

Distribution not normal, and smaller group size for those with sleep apnea. Will assess non-
parametrically.

# A tibble: 2 x 7

sleep_apnea n spo2_median Q1 Q3 min max
<fct> <int> <int> <dbl> <dbl> <int> <int>
1 No 203 96 94 97 88 99
2 Yes 33 92 91 93 88 96
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Wilcoxon rank sum test with continuity correction

data: spo2_VPO by sleep_apnea
W = 5801, p-value = 1.069e-11
alternative hypothesis: true location shift is not equal to O

Patients with sleep apnea had a lower median SpO2 (92, IQR: 91-93) than those
without OSA (96, IQR: 94-97) (p<0.001).

Sp02 and asthma
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No Yes

Asthma

Distribution not normal, and smaller group size for those with the comorbidity. Will assess
non-parametrically.

# A tibble: 2 x 7

asthma n spo2_median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <int> <int>
1 No 216 95.5 93 97 88 99
2 Yes 20 96 95 97 91 98

Wilcoxon rank sum test with continuity correction
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data: spo2_VPO by asthma
W = 1959, p-value = 0.4887
alternative hypothesis: true location shift is not equal to O

The median SpO2 was not significantly different among those with asthma (96,
IQR: 95-97) compared to those without (95.5, IQR: 93-97) (p=0.489).

Sp0O2 and COPD
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No Yes

Chronic obstructive pulmonary disease

Distribution not normal, and smaller group size for those with the comorbidity. Will assess
non-parametrically.

# A tibble: 2 x 7

COPD n spo2_median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <int> <int>
1 No 228 96 93 97 88 99
2 Yes 8 92 91 92 90 92

Wilcoxon rank sum test with continuity correction
data: spo2_VPO by COPD

W = 1605.5, p-value = 0.0002306
alternative hypothesis: true location shift is not equal to O
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The median SpO2 was significantly lower among those with COPD (92, IQR: 91-92)
compared to those without (96, IQR: 93-97) (p<0.001).

Sp0O2 and oxygen use at home

(o]
P @ h— _—
> !
N I : \
Q o :
0p] . !

[00] ° :

w -] O

| |
No Yes

Supplementary oxygen use at home

Distribution not normal, and smaller group size for those with the comorbidity. Will assess
non-parametrically.

# A tibble: 2 x 7

oxygen_use n spo2_median Q1 Q3 min max
<fct> <int> <dbl> <dbl> <dbl> <int> <int>
1 No 206 96 94 o7 88 99
2 Yes 30 92 91 93 88 96

Wilcoxon rank sum test with continuity correction

data: spo2_VPO by oxygen_use
W = 5347, p-value = 7.271e-11
alternative hypothesis: true location shift is not equal to O

The median SpO2 was significantly lower among those with supplementary oxy-
gen use at home (92, IQR: 91-93) compared to those without (96, IQR: 94-97)
(p<0.001).
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Sp0O2 and CPAP use
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No Yes

CPAP use at home

Distribution not normal, and smaller group size for those with the comorbidity. Will assess
non-parametrically.

# A tibble: 2 x 7

CPAP_use n spo2_median Q1 Q3 min max
<fct> <int> <int> <dbl> <dbl> <int> <int>
1 No 203 96 94 97 88 99
2 Yes 33 92 91 93 88 96

Wilcoxon rank sum test with continuity correction

data: spo2_VPO by CPAP_use
W = 5801, p-value = 1.069e-11
alternative hypothesis: true location shift is not equal to O

The median SpO2 was significantly lower among those with CPAP use at home
(92, IQR: 91-93) compared to those without (96, IQR: 94-97) (p<0.001).
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Sp0O2 and altitude

Scatterplot
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There does not seem to be a pattern.

Would a smooth term be useful to model altitude?
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It is likely that a smooth term for SpO2 would be non-informative since there is no clear
reasonable pattern in this smooth plot. Additionally, it is well known that any impacts in
SpO2 due to altitudes up to 2000 are very limited (i.e 1 to 2 units). go to reference.

I will still check if a smooth term may be better than linear in case that adjustment for this
variable is needed.

GAM model with k=4 (this was also checked with varying k from 2 to 10):

Family: gaussian
Link function: identity

Formula:
spo2_VP0 ~ s(altitude, k = 4)

Parametric coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 94.996 0.178 533.7 <2e-16 **x

Signif. codes: O '#*x' 0.001 '*x' 0.01 'x' 0.05 '.' 0.1 ' ' 1
Approximate significance of smooth terms:

edf Ref.df F p-value
s(altitude) 1.505 1.798 0.437 0.631
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https://thorax.bmj.com/content/73/8/776

R-sq.(adj) = 0.000124 Deviance explained = 0.653%
GCV = 7.5559 Scale est. = 7.4757 n = 236

s(altitude,1.5)
0.0 05

-1.0

0 500 1000 1500

altitude

Smooth term is not significantly better than one assuming linearity. Furthermore, the rela-
tionship with SpO2 in smooth term does not make any sense (i.e., according to prior reference,
SpO2 should decrease at higher altitudes). Thus, it would be very likely that including this
term would only explain noise in any case, not the true known causal relationship between

SpO2 and altitude.
Lastly, will check the pattern according to altitude categories, which may be a better term to

use in models in any case.
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Mean altitude of place of residence

Distribution deviates from normal and small group size for the moderate altitude group. Will
assess non-parametrically.

# A tibble: 2 x 7

altitude_cat n spo2_median Q1 Q3 min max
<fct> <int> <int> <dbl> <dbl> <int> <int>
1 Low altitude 205 96 93 97 88 99
2 Moderate altitude 31 96 92 97 88 99

Wilcoxon rank sum test with continuity correction

data: spo2_VPO by altitude_cat
W = 3360, p-value = 0.6043
alternative hypothesis: true location shift is not equal to O

The median SpO2 was not different between low and moderate altitude categories
(p=0.604).
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Sp0O2 and hemoglobin

Scatterplot
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There does not seem to be a clear pattern.

Would a smooth term be useful to model SpO2?
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Hemoglobin likely has an effect on SpO2 at lower hemoglobin values, which makes sense
with what is observed in the graph. Assuming a linear relationship could lead to incorrect
conclusions according to this. Nonetheless, it looks like the apparent non-linear relationship
at low Hb values is due to only 2 observations with wide confidence intervals showing that
the true slope could go either up, straight or down, so it may also be incorrect to assume
a non-linear relationship based only on this plot. I will model to see if there is an optimal
smooth term for hemoglobin or if a linear term best fits the data:

GAM model with k=4 (this was also checked with varying k from 2 to 10):

Family: gaussian
Link function: identity

Formula:
spo2_VPO ~ s(hb, k = 4)

Parametric coefficients:
Estimate Std. Error t value Pr(>|t]|)
(Intercept) 94.9829 0.1789 530.9 <2e-16 x*x*x

Signif. codes: O 'x*x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Approximate significance of smooth terms:
edf Ref.df F p-value
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s (hb) 1 10.272 0.603

R-sq.(adj) = -0.00314 Deviance explained = 0.117%
GCV = 7.5555 Scale est. = 7.4909 n = 234
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The estimated degrees of freedom (edf) in both cases were 1, plus p=0.6, meaning that a linear
term is better fitted to this data than a non-linear term.

Spearman's rank correlation rho

data: spo2_VPO and hb
S = 2274841, p-value = 0.3201
alternative hypothesis: true rho is not equal to O
sample estimates:
rho
-0.06527711

SpO2 and hemoglobin were not correlated (rho= -0.065, p=0.32).

Sex and sleep apnea

Mean expected frequency:
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mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

sleep_apnea
sex No Yes
Woman 190 24
Man 13 9

Percentage:

sleep_apnea
sex No Yes
Woman 88.8 11.2
Man 59.1 40.9

Mosaic Plot

Man -

Sex

Woman -

No
Sleep apnea

Pearson's Chi-squared test

data: frequencies
X-squared = 14.624, df = 1, p-value

sex
Woman

Man

Yes

0.0001312
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Sex was associated with OSA (p<0.001) as men had the diagnosis more frequently
compared to women.

Sex and asthma

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
asthma
sex No Yes

Woman 198 16
Man 18 4

Percentage:

asthma
sex No Yes
Woman 92.5 7.5
Man 81.8 18.2

Mosaic Plot
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Man -

sex

Woman

Sex

Woman -
Man

No Yés
Asthma

Pearson's Chi-squared test

data: frequencies
X-squared = 2.9475, df = 1, p-value = 0.08601

Sex was not associated with asthma (p=0.086).

Sex and COPD

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
COPD
sex No Yes

Woman 208 6
Man 20 2

Percentage:
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COPD
sex No Yes
Woman 97.2 2.8
Man 90.9 9.1

Mosaic Plot

Man -

Sex

Woman -

No Yes
COPD

Pearson's Chi-squared test

data: frequencies
X-squared = 2.4079, df = 1, p-value = 0.1207

Sex was not associated with COPD (p=0.121).

Sex and oxygen use

Mean expected frequency:

mean_expected_freq
1 59

sex
Woman

Man

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
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oxygen_use

sex No Yes
Woman 191 23
Man 15 7

Percentage:

oxygen_use
sex No Yes
Woman 89.3 10.7
Man 638.2 31.8

Mosaic Plot

Man -

sex

Woman

Sex

Woman -
Man

No Yes
Supplementary oxygen use at home
Pearson's Chi-squared test

data: frequencies
X-squared = 7.982, df = 1, p-value = 0.004725

Sex was associated with oxygen use at home (p=0.005), oxygen use was more
frequent among men than women.
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Sex and CPAP use

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
CPAP_use
sex No Yes

Woman 190 24
Man 13 9

Percentage:

CPAP_use
sex No Yes
Woman 88.8 11.2
Man 59.1 40.9

Mosaic Plot

Man -

sex

Sex

Woman
Woman -

Man

No Yés
CPAP use at home
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Pearson's Chi-squared test

data: frequencies
X-squared = 14.624, df = 1, p-value = 0.0001312

Sex was associated with CPAP use at home (p<0.001). CPAP use was more
frequent among men than women.

Sex and altitude

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

altitude_cat

sex Low altitude Moderate altitude
Woman 185 29
Man 20 2
Percentage:

altitude_cat

sex Low altitude Moderate altitude
Woman 86.4 13.6
Man 90.9 9.1

Mosaic Plot
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Man -

sex

Woman

Sex

Woman -
Man

Low alltitude Moderatle altitude
Altitude category

Pearson's Chi-squared test

data: frequencies
X-squared = 0.34786, df = 1, p-value = 0.5553

Sex was not associated with altitude category (p=0.555).

Sleep apnea and asthma

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

asthma
sleep_apnea No Yes
No 186 17
Yes 30 3

Percentage:
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asthma
sleep_apnea No Yes
No 91.6 8.4
Yes 90.9 9.1

Mosaic Plot
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Asthma

Pearson's Chi-squared test

data: frequencies
X-squared = 0.018789, df = 1, p-value = 0.891

Sleep apnea was not associated with asthma (p=0.891).

Sleep apnea and COPD

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
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COPD
sleep_apnea No Yes

No 200 3
Yes 28 5
Percentage:
COPD

sleep_apnea No Yes
No 98.5 1.5
Yes 84.8 15.2

Mosaic Plot

Yes -

No -

Obstructive sleep apnea

No Yés
COPD

Pearson's Chi-squared test

data: frequencies
X-squared = 16.206, df = 1, p-value = 5.682e-05

Sleep apnea was associated with COPD (p<0.001).
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Sleep apnea and oxygen use

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

oxygen_use
sleep_apnea No Yes

No 200 3
Yes 6 27
Percentage:

oxygen_use
sleep_apnea No Yes
No 98.5 1.5
Yes 18.2 81.8

Mosaic Plot

Yes -

oxygen_use

No
W

Obstructive sleep apnea
=z
o

No Yes
Oxygen use at home
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Pearson's Chi-squared test

data: frequencies
X-squared = 165.12, df = 1, p-value < 2.2e-16

Sleep apnea was associated with oxygen use at home (p<0.001).

Sleep apnea and CPAP use

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

CPAP_use
sleep_apnea No Yes
No 203 O

Yes 0 33

Percentage:

CPAP_use
sleep_apnea No Yes
No 100 O

Yes 0 100

Mosaic Plot
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Yes -

CPAP_use

No
o -

No -

Obstructive sleep apnea

No Yés
CPAP use
Pearson's Chi-squared test

data: frequencies
X-squared = 236, df = 1, p-value < 2.2e-16

Sleep apnea was associated with CPAP use at home (p<0.001). All participants
reporting a diagnosis of obstructive sleep apnea reported using CPAP at home.

COPD and asthma

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

asthma
COPD No Yes
No 208 20
Yes 8 0
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Percentage:

asthma
COPD No Yes
No 91.2 8.8
Yes 100.0 0.0

Mosaic Plot

Yes -

COPD
Z
H

No Yes
Asthma

Pearson's Chi-squared test

data: frequencies

X-squared = 0.76673, df = 1, p-value = 0.3812

COPD was not associated with asthma (p=0.381).

COPD and oxygen use

Mean expected frequency:

mean_expected_freq
1 59
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Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

oxygen_use
COPD No Yes

No 203 25
Yes 3 b5
Percentage:

oxygen_use

COPD No Yes
No 89.0 11.0
Yes 37.5 62.5

Mosaic Plot

- .

oxygen_use

No
o -

COPD
z
9

1
No Yes
Oxygen use at home

Pearson's Chi-squared test

data: frequencies
X-squared = 18.499, df = 1, p-value = 1.7e-05

COPD was associated with oxygen use at home (p<0.001).
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COPD and CPAP use

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
CPAP_use
COPD No Yes
No 200 28
Yes 3 b
Percentage:
CPAP_use

COPD No Yes
No 87.7 12.3
Yes 37.5 62.5

Mosaic Plot

o .

CPAP_use

No
III Yes

COPD
z
S

No Yés
CPAP use at home
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Pearson's Chi-squared test

data: frequencies
X-squared = 16.206, df = 1, p-value = 5.682e-05

COPD was associated with CPAP use at home (p<0.001).

Asthma and oxygen use

Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:

oxygen_use
asthma No Yes

No 189 27
Yes 17 3
Percentage:

oxygen_use
asthma No Yes
No 87.5 12.5
Yes 85.0 15.0

Mosaic Plot
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Yes -

oxygen_use

No
No -
o -

Asthma

No Yes
Oxygen use at home

Pearson's Chi-squared test

data: frequencies
X-squared = 0.10311, df = 1, p-value = 0.7481

Asthma was not associated with oxygen use at home (p=0.748).
Asthma and CPAP use
Mean expected frequency:

mean_expected_freq
1 59

Since value is grater than 5.0, chi-squared without continuity correction is appropriate.

Frequencies:
CPAP_use
asthma No Yes
No 186 30
Yes 17 3

Percentage:
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CPAP_use
asthma No Yes
No 86.1 13.9
Yes 85.0 15.0

Mosaic Plot

Yes -
- CPAP use
e
< N No
(7)) o-
< III Yes

No Yes
CPAP use at home
Pearson's Chi-squared test

data: frequencies
X-squared = 0.018789, df = 1, p-value = 0.891

Asthma was not associated with CPAP use at home (p=0.891).
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