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alcohol Alcohol consumption in Australia from Pandeya et al

Description

Alcohol consumption among Australian adults in grams/day

Usage

alcohol
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Format

A data frame with 12 rows and 11 columns:

sex Whether individuals were male or female

alcohol_g Category for the measure in grams of alcohol consumption

median_intake The median intake for the group

age_18_24, age_25_34, age_35_44, age_45_54, age_55_64, age_65_74, age_75_plus, age_18_plus
Proportion of adults in each of the alcohol_g categories (by age group).

References

Pandeya, Nirmala, et al. "Cancers in Australia in 2010 attributable to the consumption of alcohol."
Australian and New Zealand journal of public health 39.5 (2015): 408-413.

See Also

dementiarisk for the relative risks and prevalence estimates

as.data.frame Transform an object into a data.frame

Description

Gets the fraction (pif()/paf()) or the cases (averted_cases()/attributable_cases()) and
transforms them into a data.frame.

Usage

## S7 method for class <deltapif::pif_class>
as.data.frame(x, ..., level = 0.95)

## S7 method for class <deltapif::cases_class>
as.data.frame(x, ..., level = 0.95)

Arguments

x A pif_class or cases_class object.

... Additional parameters (ignored)

Value

A data.frame containing the fraction or cases (value), as well as standard_deviation, and con-
fidence interval bounds ci_low and ci_up. The label is included to differentiate among different
fractions or cases.
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Examples

#Transform one pif
my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1,

var_beta = 0.2, label = "My pif")
as.data.frame(my_pif)

#Transform more than one pif
my_paf <- paf(p = 0.5, beta = 1.3, var_p = 0.1, var_beta = 0.2,

label = "My paf")
as.data.frame(my_pif, my_paf)

#Transform averted cases
cases_1 <- averted_cases(16234, my_paf)
as.data.frame(cases_1)

#Transform multiple averted cases
cases_2 <- averted_cases(87980, my_pif)
as.data.frame(cases_1, cases_2)

as.list Convert to list

Description

Converts the object into a list.

Usage

## S7 method for class <deltapif::covariance_structure_class>
as.list(x, ...)

## S7 method for class <deltapif::pif_class>
as.list(x, ...)

Arguments

x Either a covariance_structure, a pif_atomic_class or pif_global_ensemble_class

... Additional parameters (ignored)

Value

The object as a list
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Examples

#FOR POTENTIAL IMPACT FRACTIONS
#------------------------------------------------------------------------
#Potential impact fraction for women
paf_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001,

label = "Lead women")
paf_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001,

label = "Radiation women")
paf_women <- paf_ensemble(paf_lead_women, paf_rad_women,

label = "Women")

as.list(paf_women)

#FOR COVARIANCE STRUCTURES
#------------------------------------------------------------------------
cov_str <- default_parameter_covariance_structure(paf_women)
as.list(cov_str)

as.matrix Convert a covariance_structure to matrix

Description

Transforms a covariance_structure into a matrix.

Usage

## S7 method for class <deltapif::covariance_structure_class>
as.matrix(x, default = NA, ...)

Arguments

x A covariance_structure

default How to fill the empty values (default = NA)

... Additional parameters (ignored)

Details

Because each entry of a covariance structure class can be a matrix containing the covariances of
different fractions, the as.matrix command flattens that matrix into a single object.

Value

A matrix with the flattened covariance among all the involved fractions
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Examples

#Simple covariance structure to matrix
my_cov <- covariance_structure_class(

list(
"pif1" = list("pif1" = 0.21, "pif2" = 0.12, "pif3" = 0.31),
"pif2" = list("pif1" = 0.12, "pif2" = 0.33, "pif3" = -0.01),
"pif3" = list("pif1" = 0.31, "pif2" = -0.01, "pif3" = 0.80)

)
)
as.matrix(my_cov)

#More complicated example: the covariance matrix is flattened
mat <- matrix(c(0.1, 0.21, 0.47, -0.3), ncol = 2)
vec <- c(0.22, -0.9, 0.01)

cov2 <- covariance_structure_class(
list(

"pif1" = list("pif1" = 0.21, "pif2" = mat, "pif3" = 0.31),
"pif2" = list("pif1" = mat, "pif2" = 0.33, "pif3" = vec),
"pif3" = list("pif1" = 0.31, "pif2" = vec, "pif3" = 0.80)

)
)
as.matrix(cov2)

as_covstr Transform into a covariance structure

Description

Transforms either a matrix or a vector into a covariance structure.

Usage

as_covariance_structure(x, col_names = NULL, row_names = NULL, ...)

Arguments

x A matrix or a vector

col_names Names to assign to the columns

row_names Names to assign to the rows

... Additional arguments (currently ignored)

Value

A covariance_structure object representing the given matrix, number, vector or data.frame as
a covariance structure for using with pif(), paf(), attributable_cases(), and averted_cases()
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Examples

mat <- matrix(c(1,3,2,4), ncol = 2,
dimnames = list(list("pif1", "pif2"), list("pif1", "pif2")))

as_covariance_structure(mat)

#Different colnames than dimnames
as_covariance_structure(mat, col_names = c("first", "second"))

#Also with a number
as_covariance_structure(2, col_names = "col", row_names = "row")

#Or with a vector
as_covariance_structure(seq(0.1, 0.2, length.out = 4),

row_names = c("r1","r2","r3","r4"), col_names = "col")

#As well as a data.frame
data_mat <- as.data.frame(mat)
as_covariance_structure(data_mat, row_names = c("r1","r2"))

cancer_rr Relative risks for cancer from Pandeya et al

Description

Relative risks for cancer given different levels of alcohol consumption

Usage

cancer_rr

Format

A data frame with 24 rows and 5 columns:

cancer_type The type of cancer associated to the relative risk

dose Dose in grams/day for which the relative risk was estimated

RR Relative risk for cancer given the dose of alcohol

lower_CI, upper_CI Lower and upper bounds for the 95% confidence interval

References

Pandeya, Nirmala, et al. "Cancers in Australia in 2010 attributable to the consumption of alcohol."
Australian and New Zealand journal of public health 39.5 (2015): 408-413.

See Also

dementiarisk for the relative risks and prevalence estimates
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casecalc Attributable cases

Description

Calculates the number of attributable cases or the number of cases that would be averted under a
counterfactual scenario for a given fraction (either paf or pif).

Usage

averted_cases(
cases,
pif,
variance = 0,
conf_level = 0.95,
link = "identity",
link_inv = NULL,
link_deriv = NULL

)

attributable_cases(
cases,
paf,
variance = 0,
conf_level = 0.95,
link = "identity",
link_inv = NULL,
link_deriv = NULL

)

Arguments

cases The overall number of cases in the population.

pif A potential impact fraction object created by pif, paf, pif_total, pif_ensemble,
paf_total or paf_ensemble.

variance The estimated variance for the cases (default = 0).

conf_level Confidence level for the confidence interval (default 0.95).

link Link function such that the case confidence intervals stay within the expected
bounds (either log or identity).

link_inv (Optional). If link is a function then yhe inverse of link. For example if link
is logit this should be inv_logit.

link_deriv Derivative of the link function. The function tries to build it automatically from
link using Deriv::Deriv().

paf A population attributable fraction object created by paf, paf_total or paf_ensemble.
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Details

Negative cases are interpreted as cases that would be caused by the intervention.

Value

A cases_class object with the attributable cases.

Formulas

The attributable cases are calculated as:

Attributable cases = PAF × Cases

and the averted cases are respectively:

Averted cases = PIF × Cases

The variance is estimated using the product-variance formula:

Var[Averted cases] = σ2
Cases ·

(
PIF
)2

+ σ2
PIF ·

(
Cases

)2
+ σ2

PIF · σ2
Cases

See Also

pif(), paf()

Examples

frac <- paf(p = 0.499, beta = log(3.6), var_p = 0.002, var_beta = FALSE)
attributable_cases(100, paf = frac)

frac <- pif(p = 0.499, beta = log(3.6), p_cft = 0.1, var_p = 0.002, var_beta = FALSE)
averted_cases(100, pif = frac)

change_link Change the link

Description

Change the link function for the potential impact fraction or population attributable fraction to a
different link.

Usage

change_link(x, link = "identity", link_inv = NULL, link_deriv = NULL)
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Arguments

x A pif_class object
link Link function such that the pif confidence intervals stays within the expected

bounds.
link_inv (Optional). If link is a function then yhe inverse of link. For example if link

is logit this should be inv_logit.
link_deriv Derivative of the link function. The function tries to build it automatically from

link using Deriv::Deriv().

Value

A pif_class object with a different link.

Examples

#A potential impact fraction
pif1 <- pif(p = 0.2, p_cft = 0.1, beta = 1.2, var_p = 0.01,

var_beta = 0.2)
pif1

#Now change the pif to logit to control the negatives
pif1_logit <- change_link(pif1, link = "logit")
pif1_logit

children Get the children labels from a pif_class

Description

Gets the labels of the pif elements that make up a pif_global_ensemble_class.

Usage

children(x, ...)

Arguments

x A pif_global_ensemble_class

... Additional arguments (currently ignored)

Value

A character vector with the names of the fractions that make up x

Note

The result is NULL if x is a pif_atomic_class
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coef Extract coefficients of a pif object

Description

Gets the potential impact fraction value

Usage

## S7 method for class <deltapif::pif_class>
coef(object, ...)

## S7 method for class <deltapif::cases_class>
coef(object, ...)

Arguments

object A pif_class object.

... Additional parameters to pass to coef (ignored)

Value

A double containing point-estimate of the object.

Examples

my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1, var_beta = 0.2)
coef(my_pif)

confint Extract confidence intervals

Description

Gets the confidence interval for any fraction or cases.

Usage

## S7 method for class <deltapif::pif_class>
confint(object, ..., level = object@conf_level)

## S7 method for class <deltapif::cases_class>
confint(object, ..., level = object@conf_level)
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Arguments

object A pif_class or a cases_class.

... Additional parameters to pass to confint (ignored)

level Level of confidence desired.

Value

A vector containing the lower and upper bounds of the confidence interval for the object.

Examples

my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1, var_beta = 0.2)
#Default 95% CI
confint(my_pif)

#Custom 90% ci:
confint(my_pif, level = 0.90)

covariance_structures Default covariance structures

Description

These are multidimensional arrays of lists where the entry list[[i]][[j]] exists represents the
covariance between elements of the i-th potential impact fraction and the j-th potential impact frac-
tion. This is particularly useful when handling ensembles and totals.

Usage

covariance_structure(pif, is_variance = FALSE, warning = TRUE)

covariance_structure2(pif1, pif2, warning = TRUE)

default_weight_covariance_structure(pif, is_variance = FALSE, warning = TRUE)

default_weight_covariance_structure2(pif1, pif2, warning = TRUE)

default_parameter_covariance_structure(
pif,
parameter = "p",
is_variance = FALSE,
warning = TRUE

)

default_parameter_covariance_structure2(
pif1,
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pif2,
parameter = "p",
warning = TRUE

)

default_pif_covariance_structure(pif, is_variance = FALSE, warning = TRUE)

default_pif_covariance_structure2(pif1, pif2, warning = TRUE)

default_weight_pif_covariance_structure(
pif,
is_variance = FALSE,
warning = TRUE

)

default_weight_pif_covariance_structure2(pif1, pif2, warning = TRUE)

Arguments

pif A potential impact fraction

is_variance Whether the covariance structure corresponds to a variance (i.e. when pif1
and pif2 are identical)

warning Whether to throw a warning if pif1 or pif2 have common labels

pif1 A potential impact fraction to obtain a covariance structure with pif2.

pif2 A potential impact fraction to obtain a covariance structure with pif1,

parameter Either beta or p. Indicating which parameter we are calculating covariance for.

Value

A nested list of lists with the entry [[i]][[j]] representing the covariance between elements i
and j.

Note

The covariance_structures ending in 2 are meant to obtain the default covariance structure be-
tween two fractions pif1 and pif2 while the ones that don’t end in 2 are meant to obtain the
covariance structure of a fraction with itself.

Examples

pif_lead_women <- paf(0.27, list("lead" = 2.2), quiet = TRUE, var_p = 0.001, var_beta = 0.015,
label = "Women lead")

pif_rad_women <- paf(0.12, list("radiation" = 1.2), quiet = TRUE, var_p = 0.001, var_beta = 0.022,
label = "Women radiation")

pif_women <- pif_ensemble(pif_lead_women, pif_rad_women, label = "Women",
weights = c(0.8, 0.72),
var_weights = matrix(c(0.3, 0.1, 0.1, 0.4), ncol = 2))

pif_lead_men <- paf(0.30, list("lead" = 2.2), quiet = TRUE, var_p = 0.001, var_beta = 0.015,
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label = "Men lead")
pif_rad_men <- paf(0.10, list("radiation" = 1.2), quiet = TRUE, var_p = 0.001, var_beta = 0.022,

label = "Men radiation")
pif_men <- pif_ensemble(pif_lead_men, pif_rad_men, label = "Men",

weights = c(0.65, 0.68),
var_weights = matrix(c(0.1, -0.2, -0.2, 0.5), ncol = 2))

pif_tot <- pif_total(pif_men, pif_women,
weights = c(0.49, 0.51), label = "Population",
var_weights = matrix(c(0.22, 0.4, 0.4, 0.8), ncol = 2))

#This is the default constructor of a covariance. Use it for custom covariances
covariance_structure(pif_lead_women)
covariance_structure2(pif_lead_women, pif_lead_men)
default_weight_covariance_structure2(pif_men, pif_men)
default_weight_covariance_structure(pif_tot)
default_weight_covariance_structure2(pif_men, pif_women)
default_parameter_covariance_structure(pif_tot, parameter = "beta")
default_parameter_covariance_structure2(pif_lead_women, pif_lead_men, parameter = "beta")

covariance_structure_class

Covariance structure class

Description

The covariance structure class represents a collection of matrices and 0’s such that cov[[i]][[j]]
contains the covariance of elements of the i-th potential impact fraction and the j-th potential impact
fraction.

Usage

covariance_structure_class(cov_list = list())

Arguments

cov_list Named list such that list[[i]][[j]] represents the covariance between ele-
ments of the i-th potential impact fraction and the j-th potential impact fraction.

Value

An S7 covariance_structure_class where entry in row i and column j represents the covariance
between fraction i and j.

See Also

as_covariance_structure() to transform matrices to covariance structures and covariance_structures()
for default covariance structures
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Examples

#A simple covariance structure
cov <- covariance_structure_class(

list(
"pif1" = list("pif1" = 0.21, "pif2" = 0.12, "pif3" = 0.31),
"pif2" = list("pif1" = 0.12, "pif2" = 0.33, "pif3" = -0.01),
"pif3" = list("pif1" = 0.31, "pif2" = -0.01, "pif3" = 0.80)

)
)
cov

#Values can be extracted as in matrices
cov[[1]][[3]]
cov[["pif1"]][["pif1"]]

#And assignment also works
cov[[1]][[3]] <- 100
cov[["pif1"]][["pif1"]] <- 500
cov

#Covariance structures are designed to contain the covariance between
#numbers or vectors (or between numbers and vectors). Hence they can
#contain matrices or vectors too:
mat <- matrix(c(0.1, 0.21, 0.47, -0.3), ncol = 2)
vec <- c(0.22, -0.9, 0.01)

cov2 <- covariance_structure_class(
list(

"pif1" = list("pif1" = 0.21, "pif2" = mat, "pif3" = 0.31),
"pif2" = list("pif1" = mat, "pif2" = 0.33, "pif3" = vec),
"pif3" = list("pif1" = 0.31, "pif2" = vec, "pif3" = 0.80)

)
)
cov2
cov2[["pif1"]][["pif2"]]

covcor Covariance matrix, correlation matrix, variance and standard devia-
tion for potential impact fractions

Description

Computes the covariance (covariance) or correlation (correlation) for multiple potential impact
fractions and the variance variance and standard deviation standard_deviationfor a potential
impact fractions.
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Usage

covariance(
x,
...,
var_p = NULL,
var_beta = NULL,
var_weights = NULL,
var_pif_weights = NULL,
var_pifs = NULL,
warning = FALSE

)

variance(x, ...)

standard_deviation(x, ...)

correlation(x, ..., var_p = NULL, var_beta = NULL)

Arguments

x A potential impact fraction

... Multiple additional potential impact fraction objects separated by commas.

var_p Estimate of the link_covariance matrix of p where the entry var_p[i,j] repre-
sents the link_covariance between p[i] and p[j].

var_beta Estimate of the link_covariance matrix of beta where the entry var_beta[i,j]
represents the link_covariance between beta[i] and beta[j].

var_weights covariance matrix for the weights when calculating the total PIF (respectively
PAF) in pif_total.

var_pif_weights

Covariance vector between the weights in pif_ensemble and the pif_atomic.
This refers to the term Cov

(
q̂i, P̂IFB,j

)
in the equation below. If set to NULL its

automatically calculated.

var_pifs Covariance vector between the potential impact fractions in pif_ensemble and
pif_atomic. This refers to the term Cov

(
PIFA,i, P̂IFB,j

)
in the equation be-

low. If set to NULL its automatically calculated.

warning Boolean indicating whether to throw a warning if the labels on the fractions
involved are not unique.

Value

A variance, covariance or correlation matrix.

Examples

# Get the approximate link_variance of a pif object
my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3,
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var_p = 0.1, var_beta = 0.2)
variance(my_pif)

# This is the same as link_covariance with just 1 pIF
covariance(my_pif)

# Calculate the link_covariance between 3 fractions with shared relative risk
# (declared by giving beta the same identifier)
beta <- list("rr" = 0.3)
var_beta <- 0.1
pif1 <- pif(0.5, 0.2, beta, var_p = 0.5 * (1 - 0.5) / 100, var_beta = var_beta)
pif2 <- pif(0.3, 0.1, beta, var_p = 0.3 * (1 - 0.3) / 100, var_beta = var_beta)
pif3 <- pif(0.7, 0.3, beta, var_p = 0.7 * (1 - 0.7) / 100, var_beta = var_beta)
covariance(pif1, pif2, pif3)

# The link_covariance between a pif and itself only has the link_variance as entries
covariance(pif1, pif1)

# Or if there is a link_covariance structure between different betas you can specify with
# var_beta in the link_covariance
betas <- c(1.3, 1.2, 1.27)

# link_covariance among all betas
var_beta <- matrix(c(

1.0000000, -0.12123053, 0.35429369,
-0.1212305, 1.00000000, -0.04266409,
0.3542937, -0.04266409, 1.00000000

), byrow = TRUE, ncol = 3)
pif1 <- pif(0.5, 0.2, betas[1], var_p = 0.5 * (1 - 0.5) / 100, var_beta = var_beta[1, 1])
pif2 <- pif(0.3, 0.1, betas[2], var_p = 0.3 * (1 - 0.3) / 100, var_beta = var_beta[2, 2])
pif3 <- pif(0.3, 0.1, betas[3], var_p = 0.3 * (1 - 0.3) / 100, var_beta = var_beta[3, 3])
covariance(pif1, pif2, pif3, var_beta = var_beta)

# Compute the correlation
correlation(pif1, pif2, pif3, var_beta = var_beta)

dementiacor Correlation between dementia risk factors from Lee et al

Description

Pairwise tetrachoric correlations between the 12 dementia risk factors (exposures) in the Atheroscle-
rosis Risk in Communities (ARIC) study, from eTable 2 of the supplement of Lee et al. These
correlations describe how the exposures co-occur within individuals and were used to compute the
communality of each risk factor (see the communality column of dementiarisk).

Usage

dementiacor
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Format

A symmetric 12 x 12 correlation matrix with row and column names given by the risk factors (in
the same order as dementiarisk$risk_factor).

Note

These are correlations between exposures, not between the estimates of the relative risks. They
should not be used as a covariance for beta.

References

Lee, Mark, et al. "Variation in population attributable fraction of dementia associated with poten-
tially modifiable risk factors by race and ethnicity in the US." JAMA network open 5.7 (2022):
e2219672-e2219672.

See Also

dementiarisk for the relative risks, prevalence estimates and communalities

dementiarisk Exposure and Relative Risk data from Lee et Al

Description

Relative risk and exposure data for dementia risk-factors

Usage

dementiarisk

Format

A data frame with 12 rows and 12 columns:

risk_factor The risk factor for dementia

RR The relative risk of dementia associated to the risk factor

lower_CI, upper_CI Lower and upper bounds for the 95% confidence interval

logrr The logarithm of the relative risk log(RR)

sdlog The standard deviation (standard error) of the logarithm of the relative risk sd(log(RR))

total The percentage (%) of individuals exposed in the overall population

hispanic The percentage (%) of hispanic individuals exposed

asian The percentage (%) of non-hispanic asian individuals exposed

black The percentage (%) of non-hispanic black individuals exposed

white The percentage (%) of non-hispanic white individuals exposed

communality Communality (%) of the risk factor with the other risk factors (Table 2 of Lee et al.).
The communality weight used to combine fractions is 1 - communality / 100.
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References

Lee, Mark, et al. "Variation in population attributable fraction of dementia associated with poten-
tially modifiable risk factors by race and ethnicity in the US." JAMA network open 5.7 (2022):
e2219672-e2219672.

See Also

dementiacor for the correlation between the risk factors

derivatives Partial derivatives of PIF

Description

Calculates the partial derivatives of a potential impact fraction with respect to the parameters p or
beta.

Usage

deriv_pif_p(p, p_cft, rr, mu_obs = NULL, mu_cft = NULL, p_cft_jacobian = NULL)

deriv_pif_beta(p, p_cft, rr, rr_link_deriv_vals, mu_obs = NULL, mu_cft = NULL)

Arguments

p Prevalence (proportion) of the exposed individuals for each of the N exposure
levels.

p_cft Counterfactual prevalence (proportion) of the exposed individuals for each of
the N exposure levels. Either a numeric vector, for a fixed target that does not
depend on the observed prevalence, or a function of p returning the counter-
factual prevalence, for scenarios defined relative to the current exposure (e.g.
function(p) 0.85 * p for a 15% reduction). In the latter case the uncertainty
in p is also propagated through the counterfactual. See the section Fixed and
relative counterfactuals.

rr The relative risk for each of the exposure levels.

mu_obs The average value of the relative risk in the observed population.

mu_cft The average value of the counterfactual relative risk in the population.

p_cft_jacobian (Optional) Jacobian of the counterfactual prevalence p_cft with respect to p
when the counterfactual is a function of the observed prevalence (for exam-
ple a relative reduction p_cft = 0.85 * p). Entry [j, i] is the derivative of
p_cft[j] with respect to p[i]. NULL (default) assumes p_cft is a fixed target.

rr_link_deriv_vals

The derivative of the relative risk function g with respect to the parameter beta
evaluated at beta.
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Value

The partial derivative (usually a vector)

Formulas

The partial derivative of PIF with respect to p is:

∂PIF
∂p

=
µcft(
µobs

)2 ·
(
RR(β)− 1

)
If the counterfactual is a function of the prevalence, p∗ = g(p), the total derivative adds the term
−J⊤

g

(
RR(β) − 1

)
/µobs where Jg is the Jacobian of g evaluated at p. The partial derivative of PIF

with respect to beta is:

∂PIF
∂β

=

(
µcft · p− µobs · p∗(

µobs
)2

)
⊙ RR′(β)

with ⊙ representing the Hadamard (elementwise) product.

Note

As p and beta are usually vectors these are vector-valued derivatives.

flatten_names Names of a PIF’s components

Description

Returns a character vector of the names of all of the fractions that make up a pif object. This is
particularly useful for pif_total and pif_ensemble to obtain the names that build them up.

Usage

flatten_names(pif)

Arguments

pif A potential impact fraction of either pif_atomic_class or pif_global_ensemble_class

Value

A character vector with the names of all the fractions that make up the pif.
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Examples

paf_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001,
label = "Women lead")

paf_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001,
label = "Women radiation")

paf_women <- paf_ensemble(paf_lead_women, paf_rad_women,
label = "Women")

paf_lead_men <- paf(0.30, 2.2, quiet = TRUE, var_p = 0.001,
label = "Men lead")

paf_rad_men <- paf(0.10, 1.2, quiet = TRUE, var_p = 0.001,
label = "Men radiation")

paf_men <- paf_ensemble(paf_lead_men, paf_rad_men,
label = "Men")

paf_tot <- paf_total(paf_men, paf_women, weights = c(0.49, 0.51),
label = "Population")

#For a single PIF return the names
flatten_names(paf_lead_women)

#For an ensemble return the ones that make them up
flatten_names(paf_women)

#For totals return the ones that make them up
flatten_names(paf_tot)

fraction_type Get the type of the fraction

Description

Obtain whether a fraction is a potential impact fraction (PIF) or a population attributable fraction
(PAF)

Usage

fraction_type(x)

Arguments

x A pif_class object

Value

A character either PIF or PAF depending on the object
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Examples

#A potential impact fraction
pif1 <- pif(p = 0.2, p_cft = 0.1, beta = 1.2, quiet = TRUE)
fraction_type(pif1)

#A population attributable fraction
paf1 <- paf(p = 0.2, beta = 1.2, quiet = TRUE)
fraction_type(paf1)

length Length of an object

Description

Gets the length of a covariance structure or a pif_class

Usage

## S7 method for class <deltapif::covariance_structure_class>
length(x)

## S7 method for class <deltapif::pif_global_ensemble_class>
length(x)

## S7 method for class <deltapif::pif_atomic_class>
length(x)

Arguments

x A pif_class or a covariance_structure

Value

The number of entries in a covariance_structure_class or in a pif_class (for example in an
ensemble composed of multiple fractions)

Examples

#Calculate the length of a single fraction
pif_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001,

var_beta = 0.015, label = "Women lead")
length(pif_lead_women)

#Calculate the length of an ensemble
pif_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001,

var_beta = 0.022, label = "Women radiation")
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pif_women <- pif_ensemble(pif_lead_women, pif_rad_women,
label = "Women", weights = c(0.8, 0.72),
var_weights = matrix(c(0.3, 0.1, 0.1, 0.4), ncol = 2))

length(pif_women) #= 2 as it contains 2 fractions

#Calculate the length of a covariance structure (= # cols)
length(covariance_structure2(pif_lead_women, pif_rad_women))

names Get the label of a PIF or PAF

Description

Gets the label of a potential impact fraction or a population attributable fraction

Usage

## S7 method for class <deltapif::pif_class>
names(x, ...)

## S7 method for class <deltapif::pif_global_ensemble_class>
names(x, ...)

Arguments

x A pif_class object.

... Additional parameters (ignored)

Value

The labels of a fraction or of the fractions that make it

Note

In the case of fractions, names cannot be used to assign names as in names(pif_tot) <- c("a","b")

Examples

#A simple example
my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1,

var_beta = 0.2, label = "Test")
names(my_pif)

#A pif composed of others
my_pif1 <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1,

var_beta = 0.2, label = "Test 1")
my_pif2 <- pif(p = 0.4, p_cft = 0.1, beta = 1.3, var_p = 0.1,
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var_beta = 0.2, label = "Test 2")
pif_tot <- pif_total(my_pif1, my_pif2, weights = c(0.2, 0.8),

label = "Parent")
names(pif_tot)

pifpaf Potential Impact fraction and Population Attributable Fraction

Description

Calculates the potential impact fraction pif or the population attributable fraction paf for a categor-
ical exposure considering an observed prevalence of p and a relative risk (or relative risk parameter)
of beta.

Usage

paf(
p,
beta,
var_p = NULL,
var_beta = NULL,
rr_link = "exponential",
rr_link_deriv = NULL,
link = "log-complement",
link_inv = NULL,
link_deriv = NULL,
conf_level = 0.95,
quiet = FALSE,
label = NULL

)

pif(
p,
p_cft = rep(0, length(p)),
beta,
var_p = NULL,
var_beta = NULL,
rr_link = "exponential",
rr_link_deriv = NULL,
link = "log-complement",
link_inv = NULL,
link_deriv = NULL,
conf_level = 0.95,
type = "PIF",
quiet = FALSE,
label = NULL,
p_cft_deriv = NULL

)
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Arguments

p Prevalence (proportion) of the exposed individuals for each of the N exposure
levels. Either a numeric vector or a named list with one element, list("id" =
c(...)), whose name identifies the estimate. Fractions that share the identifier
use the same prevalence estimate (see Shared parameters).

beta Relative risk parameter for which standard deviation is available (usually its ei-
ther the relative risk directly or the log of the relative risk as most RRs, ORs and
HRs come from exponential models). Either a numeric vector or a named list
with one element, list("id" = c(...)), whose name identifies the estimate.
Fractions that share the identifier use the same relative risk estimate (see Shared
parameters).

var_p Estimate of the link_covariance matrix of p where the entry var_p[i,j] repre-
sents the link_covariance between p[i] and p[j].

var_beta Estimate of the link_covariance matrix of beta where the entry var_beta[i,j]
represents the link_covariance between beta[i] and beta[j].

rr_link Link function such that the relative risk is given by rr_link(beta).
rr_link_deriv Derivative of the link function for the relative risk. The constructor tries to build

it automatically from rr_link using Deriv::Deriv().
link Link function such that the pif confidence intervals stays within the expected

bounds.
link_inv (Optional). If link is a function then yhe inverse of link. For example if link

is logit this should be inv_logit.
link_deriv Derivative of the link function. The function tries to build it automatically from

link using Deriv::Deriv().
conf_level Confidence level for the confidence interval (default 0.95).
quiet Whether to show messages.
label Character identifier for the impact fraction. This is for
p_cft Counterfactual prevalence (proportion) of the exposed individuals for each of

the N exposure levels. Either a numeric vector, for a fixed target that does not
depend on the observed prevalence, or a function of p returning the counter-
factual prevalence, for scenarios defined relative to the current exposure (e.g.
function(p) 0.85 * p for a 15% reduction). In the latter case the uncertainty
in p is also propagated through the counterfactual. See the section Fixed and
relative counterfactuals.

type Character either Potential Impact Fraction (PIF) or Population Attributable Frac-
tion (PAF)

p_cft_deriv (Optional) Only used when p_cft is a function. Either a function of p returning
the jacobian of p_cft (a N x N matrix whose entry [j, i] is the derivative
of p_cft(p)[j] with respect to p[i]) or that matrix evaluated at p. If NULL
(default) the jacobian is approximated numerically.

Value

A pif_class object with the estimate of the potential impact fraction (pif()) or the population
attributable fraction (paf()).
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Formulas

This function computed the potential impact fraction and its confidence intervals using Walter’s
formula:

PIF =

N∑
i=1

piRRi −
N∑
i=1

pcft
i RRi

N∑
i=1

piRRi

, and PAF =

N∑
i=1

piRRi − 1

N∑
i=1

piRRi

in the case of N exposure categories which is equivalent to Levine’s formula when there is only 1
exposure category:

PIF =
p(RR − 1)− pcft(RR − 1)

1 + p(RR − 1)
and PAF =

p(RR − 1)

1 + p(RR − 1)

The construction of confidence intervals is done via a link function. Its variance is given by:

σ2
f = Var

[
f(PIF)

]
≈
(
f ′(PIF)

)2
Var
[
PIF
]

and the intervals are constructed as:

CI = f−1
(
f(PIF)± Zα/2 · σf

)
the function f is called the link function for the PIF, f−1 represents its inverse, and f ′ its derivative.

Fixed and relative counterfactuals

When p_cft is a number (or vector) it is treated as a fixed target, for example "reduce smoking
prevalence to 5%". When the scenario is defined relative to the current exposure, for example
"reduce smoking prevalence by 15%", the counterfactual inherits the sampling error of p and should
be given as a function: p_cft = function(p) 0.85 * p. The variance then uses the total derivative

dPIF
dp

=
µcft(
µobs

)2 (RR(β)− 1
)
− 1

µobs J
⊤(RR(β)− 1

)
where J is the jacobian of p_cft with respect to p. Treating a relative scenario as a fixed target
overestimates the variance, while treating a fixed target as relative underestimates it.

Shared parameters

When several fractions are combined (with pif_total(), pif_ensemble() or weighted_adjusted_pif())
or their covariance is computed, fractions that use the same estimate of p or of beta are correlated.
To declare that two fractions share an estimate give the parameter as a named list with the same name
(identifier) in both, e.g. beta = list("smoking_dementia" = 0.46). The same identifier must al-
ways be used with the same values and variances. Parameters given as plain numbers, or with
different identifiers, are treated as independent. Correlations between different estimates (for exam-
ple relative risks from the same meta-analysis) can be given to pif_total() and pif_ensemble()
with a covariance matrix whose row and column names are the identifiers.
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Link functions for the PIF

By default the pif and paf calculations use the log-complement link which guarantees the impact
fractions’ intervals have valid values (between -Inf and 1).

Depending on the application the following link functions are also implemented:

log-complement To achieve fractions between -Inf and 1. This is the function f(x) = ln(1 - x)
with inverse finv(x) = 1 - exp(x)

logit To achieve strictly positive fractions between 0 and 1. This is the function f(x) = ln(x / (1
- x)) with inverse finv(x) = 1 / (1 + exp(-x))

identity An approximation for fractions that does not guarantee confidence intervals in valid re-
gions. This is the function f(x) = x.with inverse finv(x) = x

hawkins Hawkins’ fraction for controlling the variance. This is the function f(x) = ln(x + sqrt(x^2
+ 1)) with inverse finv(x) = 0.5 * exp(-x) * (exp(2 * x) - 1)

custom User specified (see below).

In general, logit should be preferred if it is known and certain that the fractions can only be
positive (i.e. when all relative risks (including CIs) are > 1 and prevalence > 0 and there is an
epidemiological / biological justification).

Custom link functions can be implemented as long as they are invertible in the range of interest by
providing:

link The function

link_inv The inverse function of link

link_deriv The derivative of link

If no derivative is provided the package attempts to estimate it symbolically using Deriv::Deriv()
however there is no guarantee that this will work for non-standard functions (i.e. not logarithm /
trigonometric / exponential)

As an example considering implementing a square root custom link:

# The link is square root
link <- sqrt

# Inverse of sqrt(x) is x^2
link_inv <- function(x) x^2

# The derivative of sqrt(x) is 1/(2 * sqrt(x))
link_deriv <- function(pif) 1 / (2 * sqrt(pif))

# Then the pif can be calculated as:
pif(p = 0.499, beta = 1.6, p_cft = 0.499/2, var_p = 0.1, var_beta = 0.2,

link = link, link_inv = link_inv, link_deriv = link_deriv)
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Link functions for beta

By default the pif and paf use the exponential link which means that the values for beta are
the log-relative risks and the variance var_beta corresponds to the log-relative risk’s variance.
Depending on the relative risk’s source the following options are available:

exponential For when the relative risks correspond to the exponential of another parameter, usually
called beta. This is the exponential function f(beta) = exp(beta) with inverse finv(rr) =
log(rr) = beta

identity For when the relative risk and their variance are reported directly. This is the function
f(beta) = beta with inverse finv(rr) = rr = beta

custom User specified (see below).

Note that in most cases including contingency tables, Poisson and Logistic regressions, and Cox
Proportional Hazards, the relative risks are estimated by exponentiating a parameter.

As in the previous section, custom link functions for beta can be implemented as long as they are in-
vertible in the range of interest by providing the function rr_link and its derivative rr_link_deriv.
If no derivative is provided the package does an attempt to estimate it symbolically using Deriv::Deriv()
however there is no guarantee that this will work non-standard functions (i.e. not logarithm /
trigonometric / exponential)

Population Attributable Fraction

The population attributable fraction corresponds to the potential impact fraction at the theoretical
minimum risk level. It is assumed that the theoretical minimum risk level is a relative risk of 1.
If no counterfactual prevalence p_cft is specified, the model computes the population attributable
fraction.

Note

This function assumes p and beta have been pre-computed from the data and the individual-level
data are not accessible to the researchers. If either the data for the individual-level prevalence of
exposure p or the data for the individual-level risk estimate beta can be accessed by the researcher
other methods (such as the pifpaf package should be preferred).

See Also

pif_total(), pif_ensemble(), paf_total(), paf_ensemble(), weighted_adjusted_paf(),
weighted_adjusted_pif(), averted_cases(), attributable_cases().

Examples

#EXAMPLE 1: ONE EXPOSURE CATEGORY (CLASSIC LEVIN)
#---------------------------------------------------------------------------
# This example comes from Levin 1953
# Relative risk of lung cancer given smoking was 3.6
# Proportion of individuals smoking where 49.9%
# Calculates PAF (i.e. counterfactual is no smoking)
paf(p = 0.499, beta = log(3.6))
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# Assuming that beta and p had a link_variance
paf(p = 0.499, beta = log(3.6), var_p = 0.001, var_beta = 0.1)

# If the link_variance was to high a logistic transform would be required
# Generates incorrect values for the interval:
paf(p = 0.499, beta = log(3.6), var_p = 0.1, var_beta = 0.3)

# Logit fixes it
paf(p = 0.499, beta = log(3.6), var_p = 0.1, var_beta = 0.3,

link = "logit", quiet = TRUE)

# If the counterfactual was a fixed target of 25% smoking prevalence
pif(p = 0.499, beta = log(3.6), p_cft = 0.25, var_p = 0.001,

var_beta = 0.1, link = "logit", quiet = TRUE)

# If the counterfactual was reducing the smoking population by 1/2
# (relative to whatever the current prevalence is)
pif(p = 0.499, beta = log(3.6), p_cft = function(p) p / 2, var_p = 0.001,

var_beta = 0.1, link = "logit", quiet = TRUE)

#EXAMPLE 2: MULTIPLE EXPOSURE CATEGORIES
#---------------------------------------------------------------------------
#In "Excess Deaths Associated With Underweight, Overweight, and Obesity"
#the PAF of mortality associated to different BMI levels is calculated

#These are the relative risks for age-group 25-59 for each BMI level:
rr <- c("<18.5" = 1.38, "25 to <30" = 0.83 ,

"30 to <35" = 1.20, ">=35" = 1.83)

#While the prevalences are:
p <- c("<18.5" = 1.9, "25 to <30" = 34.8,

"30 to <35" = 17.3, ">=35" = 13.3) / 100

#The variance of the relative risk is obtained from the CIs:
var_log_rr <- c("<18.5" = 0.2653156, "25 to <30" = 0.1247604,

"30 to <35" = 0.1828293, ">=35" = 0.1847374)^2

#Note that we are omitting the group "18.5 to < 25" as it is the
#reference (RR = 1)
paf(p = p, beta = rr, var_beta = var_log_rr, var_p = 0, quiet = TRUE,

link = "logit")

#We can compute a potential impact fraction of, for example, reducing the
#amount of people over 35 to 0 and having them in the "30 to <35":
p_cft <- c("<18.5" = 1.9, "25 to <30" = 34.8,

"30 to <35" = 17.3 + 13.3, ">=35" = 0) / 100

#The potential impact fraction is as follows:
pif(p = p, p_cft = p_cft, beta = rr, link = "logit",

var_beta = var_log_rr, var_p = 0, quiet = TRUE)
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print Print or show a potential impact fraction

Description

Function to print or show a potential impact fraction object

Function to print an object

Usage

## S7 method for class <deltapif::pif_class>
print(x, ..., accuracy = 0.001)

## S7 method for class <deltapif::cases_class>
print(x, ..., accuracy = 0.001)

## S7 method for class <deltapif::covariance_structure_class>
print(x, ..., quote = FALSE)

Arguments

x A covariance_structure_class, a pif_class or a cases_class

... Additional arguments to pass to print

accuracy The accuracy of the printed value

Value

NULL. Called for its side-effects.

Examples

my_pif <- pif(p = 0.2, beta = 1.3, var_beta = 0.1)
print(my_pif)

# Change the ammount of digits to show just 1
print(my_pif, accuracy = 0.1)
pif_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001, var_beta = 0.015,

label = "Women lead")
pif_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001, var_beta = 0.022,

label = "Women radiation")
pif_women <- pif_ensemble(pif_lead_women, pif_rad_women, label = "Women",

weights = c(0.8, 0.72),
var_weights = matrix(c(0.3, 0.1, 0.1, 0.4), ncol = 2))

pif_lead_men <- paf(0.30, 2.2, quiet = TRUE, var_p = 0.001, var_beta = 0.015,
label = "Men lead")

pif_rad_men <- paf(0.10, 1.2, quiet = TRUE, var_p = 0.001, var_beta = 0.022,
label = "Men radiation")
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pif_men <- pif_ensemble(pif_lead_men, pif_rad_men, label = "Men",
weights = c(0.65, 0.68),
var_weights = matrix(c(0.1, -0.2, -0.2, 0.5), ncol = 2))

pif_tot <- pif_total(pif_men, pif_women,
weights = c(0.49, 0.51), label = "Population",
var_weights = matrix(c(0.22, 0.4, 0.4, 0.8), ncol = 2))

print(covariance_structure(pif_lead_women))
print(covariance_structure2(pif_lead_women, pif_lead_men))
print(default_weight_covariance_structure2(pif_men, pif_women))
print(default_parameter_covariance_structure(pif_tot, parameter = "beta"))

rowcol Row and Column names

Description

Retrieve the row and column names of a covariance_structure

Usage

row_names(x)

col_names(x)

Arguments

x A covariance_structure

Value

The names of the rows or columns of a covariance_structure

Examples

#' #A pif composed of others
my_pif1 <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1,

var_beta = 0.2, label = "pif 1")
my_pif2 <- pif(p = 0.4, p_cft = 0.1, beta = 1.3, var_p = 0.1,

var_beta = 0.2, label = "pif 2")
covst <- covariance_structure2(my_pif1, my_pif2)
row_names(covst)
col_names(covst)
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subset Subset a covariance_structure

Description

Obtains a smaller covariance_structure with the entries given by the select option as a vector.

Usage

## S7 method for class <deltapif::covariance_structure_class>
subset(x, select = NULL, cols = NULL, rows = NULL, negate = FALSE, ...)

Arguments

x A covariance_structure

select A vector of covariate names to keep in the covariance_structure.

cols A vector of covariate column names to keep in the covariance_structure.

rows A vector of covariate row names to keep in the covariance_structure.

negate If TRUE subsets the variables that have not been specified

... Additional parameters (ignored)

Value

A covariance_structure with only the elements specified for the subset.

Examples

pif_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001, var_beta = 0.015,
label = "Women lead")

pif_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001, var_beta = 0.022,
label = "Women radiation")

covstr <- default_parameter_covariance_structure2(pif_lead_women, pif_rad_women, parameter = "beta")
subset(covstr, "Women lead")
subset(covstr, "Women lead", negate = TRUE)
subset(covstr, c("Women radiation", "Women lead"))
subset(covstr, 2)
subset(covstr, 1:2)
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summary Summary of an object

Description

Gets the point-estimate and confidence interval of an object

Usage

## S7 method for class <deltapif::pif_class>
summary(object, level = object@conf_level, ...)

## S7 method for class <deltapif::cases_class>
summary(object, level = object@conf_level, ...)

Arguments

object A pif_class or cases_class object.

... Additional parameters to pass to summary (ignored)

Value

A named vector with the point-estimate, confidence interval and standard deviation of a pif_class
or a cases_class estimate.

Examples

my_pif <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1, var_beta = 0.2)
summary(my_pif)

totalpifpaf Combine Potential Impact Fractions and Population Attributable
Fractions

Description

Combine potential impact fractions or the population attributable fractions to either generate the to-
tal fraction from the fractions of subpopulations (pif_total/paf_total) or the ensemble fraction
of a population from different (independent) exposures.
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Usage

paf_total(
paf1,
...,
weights,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
conf_level = 0.95,
link = "log-complement",
link_inv = NULL,
link_deriv = NULL,
quiet = FALSE,
label = NULL

)

pif_total(
pif1,
...,
weights,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
conf_level = 0.95,
link = "log-complement",
link_inv = NULL,
link_deriv = NULL,
quiet = FALSE,
label = NULL,
is_paf = FALSE,
weights_sum_to_1 = TRUE

)

paf_ensemble(
paf1,
...,
weights = NULL,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
link = "identity",
link_inv = NULL,
link_deriv = NULL,
conf_level = 0.95,
label = NULL,
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quiet = FALSE
)

pif_ensemble(
pif1,
...,
weights = NULL,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
link = "identity",
link_inv = NULL,
link_deriv = NULL,
conf_level = 0.95,
quiet = FALSE,
label = NULL,
is_paf = FALSE

)

Arguments

paf1 A population attributable fraction (class pif_class)
... The remaining potential impact fractions or (respectively) population attributable

fractions.
weights A vector containing the proportion of the population for each of the categories

(for each of the pifs given).
var_weights link_covariance structure for the weights. Can be 0 (default) if the weights are

not random, a vector if only the link_variances of the weights are available or a
link_covariance matrix.

var_pif_weights

covariance matrix with row i and column j representing the covariance between
the i-th potential impact fraction of the list and the j-th weight

var_p, var_beta (Optional) Covariance matrices between the estimates of p (respectively beta)
of different fractions. Row and column names are the identifiers given to the
parameters as named lists in pif() or paf(); a vector-valued parameter repeats
its identifier once per element. The diagonal blocks must equal the variances
given to each fraction. Fractions that share an identifier are always correlated,
so these matrices are only needed for correlations between different estimates
(e.g. relative risks from the same meta-analysis).

conf_level Confidence level for the confidence interval (default 0.95).
link Link function such that the pif confidence intervals stays within the expected

bounds.
link_inv (Optional). If link is a function then yhe inverse of link. For example if link

is logit this should be inv_logit.
link_deriv Derivative of the link function. The function tries to build it automatically from

link using Deriv::Deriv().
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quiet Whether to show messages.

label Character identifier for the impact fraction. This is for

pif1 A potential impact fraction (class pif_class)

is_paf Whether the computed quantity is a population attributable fraction or not
weights_sum_to_1

Boolean flag indicating if the weights sum to 1 (normalized weights) or if they
are not (unnormalized).

Value

A pif_class object containing the estimate for the total fraction or the ensemble fraction that
aggregates several fractions (either potential impact or population attributable).

Total potential impact fraction

Assuming the overall population can be subdivided into N distinct subpopulations each of them
with a different potential impact fraction (or population attributable fraction) we can estimate the
total population attributable fraction or potential impact fraction of the whole population as:

PIFTotal =

N∑
i=1

πi · PIFi

where each PIFi corresponds to the potential impact fraction of the i-th subpopulation and πi cor-
respond to the proportion of the total population occupied by PIFi. The weights are such that∑N

i=1 πi = 1.

Ensemble potential impact fraction

If a population is exposed to K different independent risk factors then the ensemble impact fraction
of the combination of those factors can be written as:

PIFEnsemble = 1−
K∏
ℓ=1

(
1− πℓ · PIFℓ

)
where each PIFℓ corresponds to the potential impact fraction of the ℓ-th risk factor for the same
population.

Examples

#Potential impact fraction for women
pif_women <- pif(0.32, 0.1, 1.2, quiet = TRUE, var_p = 0.1)

#Potential impact fraction for men
pif_men <- pif(0.27, 0.1, 1.3, quiet = TRUE, var_p = 0.1)

#Population potential impact fraction with 49% men and 51% women
pif_total(pif_men, pif_women, weights = c(0.49, 0.51), link = "logit")
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#Population attributable fraction for women
paf_women <- paf(0.32, 1.3, quiet = TRUE, var_p = 0.1)

#Population attributable fraction for men
paf_men <- paf(0.27, 1.3, quiet = TRUE, var_p = 0.1)
paf_total(paf_men, paf_women, weights = c(0.49, 0.51), link = "logit")

# Calculate the ensemble from lead and radiation exposure
paf_lead <- paf(0.2, 2.2, quiet = TRUE, var_p = 0.001)
paf_rad <- paf(0.1, 1.2, quiet = TRUE, var_p = 0.0001)
pif_ensemble(paf_lead, paf_rad)

# Fractions that use the same relative risk are correlated. Declare it
# by giving `beta` the same identifier (name) in a list:
paf_women <- paf(0.32, beta = list("rr_meta" = log(1.3)), var_beta = 0.01,

var_p = 0.001, label = "Women")
paf_men <- paf(0.27, beta = list("rr_meta" = log(1.3)), var_beta = 0.01,

var_p = 0.001, label = "Men")
paf_total(paf_men, paf_women, weights = c(0.49, 0.51))

# Correlations between different estimates are given by identifier
paf_lead <- paf(0.2, beta = list("lead" = log(2.2)), var_beta = 0.04,

var_p = 0.001, label = "Lead")
paf_rad <- paf(0.1, beta = list("radiation" = log(1.2)), var_beta = 0.02,

var_p = 0.0001, label = "Radiation")
cov_rr <- matrix(c(0.04, 0.01, 0.01, 0.02), ncol = 2,

dimnames = list(c("lead", "radiation"), c("lead", "radiation")))
paf_ensemble(paf_lead, paf_rad, var_beta = cov_rr)

# Totals and ensembles can be combined
pif_lead_women <- paf(0.27, 2.2, quiet = TRUE, var_p = 0.001)
pif_rad_women <- paf(0.12, 1.2, quiet = TRUE, var_p = 0.001)
pif_women <- pif_ensemble(pif_lead_women, pif_rad_women)
pif_lead_men <- paf(0.30, 2.2, quiet = TRUE, var_p = 0.001)
pif_rad_men <- paf(0.10, 1.2, quiet = TRUE, var_p = 0.001)
pif_men <- pif_ensemble(pif_lead_men, pif_rad_men)

pif_total(pif_men, pif_women, weights = c(0.49, 0.51))

variance_components Components of the variance of a potential impact fraction

Description

Splits the delta-method variance of a potential impact fraction (or population attributable fraction)
into the part due to the uncertainty in the exposure prevalences p, the part due to the uncertainty in
the relative-risk parameters beta, and, for totals and ensembles, the part due to the uncertainty in
the weights.
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Usage

variance_components(x, ...)

Arguments

x A potential impact fraction created with pif(), paf(), pif_total(), pif_ensemble()
or their paf counterparts.

... Not used.

Details

As the prevalences and the relative risks are estimated independently, the variance of the fraction is
the sum of a prevalence component and a relative-risk component:

Var
(
P̂IF
)
≈ ∇pPIF⊤Σp∇pPIF +∇βPIF⊤Σβ∇βPIF.

Comparing both components shows whether a more precise exposure survey or a more precise rela-
tive risk would most reduce the uncertainty of the fraction. For totals and ensembles the remaining
variance (from var_weights and var_pif_weights) is reported as the weights component. Com-
ponents are on the scale of the fraction (not of the link) and add up to variance().

Value

A named numeric vector with entries p, beta and weights.

See Also

variance(), standard_deviation()

Examples

my_pif <- pif(p = 0.085, p_cft = function(p) 0.85 * p, beta = log(1.59),
var_p = 0.01^2, var_beta = 0.165^2, quiet = TRUE)

variance_components(my_pif)

# Share of the variance due to each source
variance_components(my_pif) / variance(my_pif)

weighted_adjusted Weighted Adjusted Fractions

Description

Calculates the weighted adjusted potential impact fractions (or population attributable fractions).
Each individual fraction P̂IFi is rescaled proportionally so that together they are consistent with the
ensemble fraction.
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Usage

weighted_adjusted_paf(
paf1,
...,
weights = NULL,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
pif_total_link = "log-complement",
pif_total_link_inv = NULL,
pif_total_link_deriv = NULL,
pif_ensemble_link = "identity",
pif_ensemble_link_inv = NULL,
pif_ensemble_link_deriv = NULL,
conf_level = 0.95,
label_ensemble = NULL,
label_sum = NULL,
quiet = FALSE,
link = "log",
link_inv = NULL,
link_deriv = NULL

)

weighted_adjusted_pif(
pif1,
...,
weights = NULL,
var_weights = 0,
var_pif_weights = NULL,
var_p = NULL,
var_beta = NULL,
pif_total_link = "log-complement",
pif_total_link_inv = NULL,
pif_total_link_deriv = NULL,
pif_ensemble_link = "identity",
pif_ensemble_link_inv = NULL,
pif_ensemble_link_deriv = NULL,
conf_level = 0.95,
label_ensemble = NULL,
label_sum = NULL,
quiet = FALSE,
link = "log",
link_inv = NULL,
link_deriv = NULL

)
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Arguments

paf1 A population attributable fraction (class pif_class). This is the first of the
individual fractions to be adjusted.

... The remaining potential impact fractions (class pif_class). All fractions must
be of the same type (all PIF or all PAF).

weights Weights for the ensemble (pif_ensemble). Passed directly to pif_ensemble()
/ paf_ensemble(). Defaults to NULL (equal weights of 1 for each fraction).
When adjusting for communality (Mukadam et al. 2019) the weights are 1 -
communality.

var_weights Covariance structure for weights. Passed directly to pif_ensemble() / paf_ensemble().
Defaults to 0.

var_pif_weights

Covariance matrix between individual fractions and weights. Passed to pif_ensemble()
/ paf_ensemble(). Defaults to NULL.

var_p, var_beta (Optional) Covariance matrices between the estimates of p (respectively beta)
of different fractions, with row and column names given by the identifiers of the
parameters (see the section Shared parameters in pif()). Passed to pif_total()
and pif_ensemble(). Defaults to NULL (fractions are correlated only through
shared identifiers).

pif_total_link Link to pass to pif_total in the denominator of the adjustment
pif_total_link_inv

Inverse of the link to pass to pif_total in the denominator of the adjustment
pif_total_link_deriv

Derivative of the link to pass to pif_total in the denominator of the adjustment
pif_ensemble_link

Link to pass to pif_ensemble in the numerator of the adjustment
pif_ensemble_link_inv

Inverse of the link to pass to pif_ensemble in the numerator of the adjustment
pif_ensemble_link_deriv

Derivative of the link to pass to pif_ensemble in the numerator of the adjust-
ment

conf_level Confidence level for the confidence interval (default 0.95).
label_ensemble Character label for the internally constructed ensemble fraction. Defaults to

NULL (auto-generated).
label_sum Character label for the internally constructed sum (total) fraction. Defaults to

NULL (auto-generated).
quiet Whether to show messages.
link Link used to build the confidence intervals of the adjusted fractions. Defaults to

"log", the scale on which their variance is derived (see Formula), which guar-
antees strictly positive intervals. Use "identity" for symmetric Wald intervals
(required if an adjusted fraction is not strictly positive) or a function together
with link_inv and link_deriv.

link_inv, link_deriv
(Optional) Inverse and derivative of link when link is a function.

pif1 A potential impact fraction (class pif_class). This is the first of the individual
fractions to be adjusted.
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Value

A named list of pif_class objects, one per input fraction, each being the weighted adjusted PAF
(or PIF, respectively).

Formula

The weighted adjusted fraction for the i-th exposure is:

P̂IF
adj
i =

P̂IFi∑n
j=1 P̂IFj

· P̂IFEnsemble

Using the log-transform, the variance is:

Var
[
ln P̂IF

adj
i

]
= Var

[
ln P̂IFi

]
+Var

[
ln
∑

j P̂IFj

]
+Var

[
ln P̂IFEnsemble

]
+ 2

[
Cov

(
ln P̂IFi, ln P̂IFEnsemble

)
− Cov

(
ln P̂IFi, ln

∑
j P̂IFj

)
− Cov

(
ln P̂IFEnsemble, ln

∑
j P̂IFj

)]

where each log-covariance is approximated via the delta method:

Cov
(
lnX, lnY

)
≈ Cov(X,Y )

X · Y

The confidence interval is built on the scale of link (the log scale by default):

exp
(
ln P̂IF

adj
i ± Zα/2

√
Var

[
ln P̂IF

adj
i

])
.

The covariances Cov(P̂IFi, ·) are computed by the internal function cov_total_pif() applied to
the individual fraction and the internally constructed sum/ensemble objects, which automatically
propagates the full uncertainty structure already embedded in those objects.

See Also

pif(), paf(), pif_ensemble(), paf_ensemble()

Examples

paf_lead <- paf(0.2, 2.2, quiet = TRUE, var_p = 0.001, label = "Lead")
paf_rad <- paf(0.1, 1.2, quiet = TRUE, var_p = 0.0001, label = "Radiation")

weighted_adjusted_paf(paf_lead, paf_rad)

pif_lead <- pif(0.2, p_cft = 0.1, beta = log(2.2), quiet = TRUE,
var_p = 0.001, label = "Lead")

pif_rad <- pif(0.1, p_cft = 0.05, beta = log(1.2), quiet = TRUE,
var_p = 0.0001, label = "Radiation")

weighted_adjusted_pif(pif_lead, pif_rad)



42 weights

weights Extract weights of a pif_global_ensemble

Description

Gets the weights of a pif_global_ensemble object

Usage

## S7 method for class <deltapif::pif_global_ensemble_class>
weights(object, ...)

Arguments

object A pif_global_ensemble object.

... Additional parameters to pass to weights (ignored)

Value

The weights used to construct a pif_total or pif_ensemble.

Examples

my_pif1 <- pif(p = 0.5, p_cft = 0.25, beta = 1.3, var_p = 0.1, var_beta = 0.2)
my_pif2 <- pif(p = 0.3, p_cft = 0.1, beta = 1.5, var_p = 0.1, var_beta = 0.2)
my_pif <- pif_total(my_pif1, my_pif2, weights = c(0.8, 0.2))
weights(my_pif)
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