SSM - Population Health 3 (2017) 1-8

Contents lists available at ScienceDirect

SSM - Population Health

journal homepage: www.elsevier.com/locate/ssmph

Article

Efficiency or equity? Simulating the impact of high-risk and population
intervention strategies for the prevention of disease

@ CrossMark

Jonathan M. Platt™", Katherine M. Keyes®, Sandro Galea”

2 Department of Epidemiology, Columbia University, New York, NY, USA
b Boston University, Boston, MA, USA

ARTICLE INFO ABSTRACT

Keywords:
High-risk prevention
Primary prevention
High blood pressure

Maximizing both efficiency and equity are core considerations for population health. These considerations can
result in tension in population health science as we seek to improve overall population health while achieving
equitable health distributions within populations. Limited work has explored empirically the consequences of
different population health intervention strategies on the burden of disease and on within- and between-group

Zn;?tk;ng differences in disease. To address this gap, we compared the impact of four simulated interventions using data
E({l‘ﬁciency from the National Health and Nutrition Examination Survey. In particular, we focus on assessing how
Simulation population and high-risk primary prevention and population and high-risk secondary interventions efforts to

reduce smoking behavior influence systolic blood pressure (SBP) and hypertension, and how such strategies
influence inequalities in SBP by income. The greatest reductions in SBP mean and standard deviation resulted
from the population secondary prevention. High-risk primary and secondary prevention and population
secondary prevention programs all yielded substantial reductions in hypertension prevalence. The effect of
population primary prevention did little to decrease population SBP mean and standard deviation, as well as
hypertension prevalence. Both high-risk strategies had a larger impact in the low-income population, leading to
the greatest narrowing the income-related gap in disease. The population prevention strategies had a larger
impact in the high-income population. Population health approaches must consider the potential impact on
both the whole population and also on those with different levels of risk for disease within a population,
including those in under-represented or under-served groups.

1. Introduction

One of the central goals of population health science is to achieve
equitable health distributions within populations, while seeking to
maximize overall population health (Keyes & Galea, 2016). However,
the impact of health policies and programs is often not distributed
equally throughout a population, and health policies and programs may
exacerbate health inequalities (Krieger, 2001). While not always the
case (McLaren, McIntyre, & Kirkpatrick, 2010), the tension between
equity and efficiency means that when resources are finite, there may
be a trade-off between maximizing population health while minimizing
population health inequity. Numerous scholars have described ap-
proaches to improving population health, explicating the differences
between focusing on high-risk populations versus populations as a
whole (Lalonde, 1974; Rose, 1985). In epidemiology and public health,
such explication has been more visible in the work of Geoffrey Rose, for
example, in his seminal book, A strategy for preventive medicine
(Rose, 1985).

The high-risk approach proposes to intervene for prevention upon
those with the strongest likelihood of developing disease (Lalonde,
1974). There are two different ways that prevention may be achieved.
Primary prevention strategies identify high-risk individuals based on
known risk factors, and intervene to reduce those exposures. The goal
of this strategy is to reduce the number of incident cases of disease, or
prevent a proportion of disease from ever occurring. Secondary
prevention strategies seek to identify high-risk individuals with the
disease and reduce disease morbidity, complications, or to decrease the
disease prevalence by attenuating disease symptoms to sub-clinical
levels. In the case of secondary prevention, the high-risk individuals
often represent the most severe cases of disease, especially if risk
factors of concern are strong causes of disease, or those with the
disease face the greatest barriers to existing health services.

By contrast, rather than focusing on those defined as high-risk, a
population approach is based on implementing strategies across the
distribution of risk and disease. As with the high-risk approach, the
population approach can be designed for both primary and secondary
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Table 1
Summary of high-risk and population primary and secondary prevention approaches.
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Intervention goal Who is at risk?

Example

High-risk approach
Primary prevention  Prevent the exposure in order to reduce
the number of incident cases of disease
Treat disease to reduce morbidity and

prevalence

Secondary
prevention

Population approach

Primary prevention = Reduce exposure to a highly prevalent
risk factor for disease population
Secondary Identify and treat prevalent cases
prevention population

Individuals with exposures known to
significantly increase the risk of disease
Individuals already with the disease,
often the most severe cases

Risk is prevalent throughout the entire

Disease is prevalent throughout the

Smoking cessation intervention among normotensive smokers
(Hjermann, Holme, Byre, & Leren, 1981)

Intensive smoking cessation intervention for patients with evidence
of cardio-pulmonary distress (Murray, Connett, Rand, Pan, &
Anthonisen, 2002)

Community-wide anti-smoking programs (Egger et al., 1983)

Clinical smoking cessation interventions among hypertensive
patients (Jatoi, Jerrard-Dunne, Feely, & Mahmud, 2007)

prevention. A population primary prevention strategy seeks to reduce
the exposure to a highly prevalent risk factor for disease. A population
secondary prevention strategy seeks to disseminate a global treatment
strategy throughout an entire population to identify and/or treat cases
to reduce disease morbidity or cure a proportion of those with the
disease if possible. An overview and examples of each of the four
approaches is presented in Table 1.

In sum, both high-risk and population intervention strategies can
be implemented as primary prevention, which seeks to prevent the
incidence of disease, and secondary prevention, which seeks to treat or
cure those with disease. The main difference between strategies is who
is the focus of the intervention. The high-risk strategy is generally
implemented to decrease risk or course of disease among those with the
greatest potential burden, while the population strategy seeks to
maximize the number of individuals reached by an intervention, with
less concern for the differential risk that individuals face in developing
disease.

In addition to the potential tradeoff between equity and efficiency
due to scarce resources, there are times that the advancement of a
population strategy approach may inadvertently worsen health in-
equalities within a population (Frohlich & Potvin, 2008). Recent
theoretical work has been done to develop different high-risk strategies
that can be targeted to specific groups depending on the context and
goal of the intervention (Benach, Malmusi, Yasui, & Martinez, 2013;
Graham, 2004). For example, an intervention may target only those
who are the worst-off, or to opt to improve population health through
redistribution of health maximizing resources in a population from the
most well-off to the least. The goal of these types of approaches is to
avoid exacerbating existing inequalities by understanding specific
contextual and population concerns.

Building off of prior research outlining population versus high-risk
strategies, the purpose of this paper is to assess which approach is
optimal for maximizing population health through the use of simula-
tions and sensitivity analyses, while keeping the central focus of all
strategies of the tradeoffs between equity and efficiency. While many
studies focus on comparisons between population and high-risk
interventions, our focus was to compare the impact of four strategies:
high-risk primary prevention, high-risk secondary prevention, popula-
tion primary prevention, and population secondary prevention, simu-
lating versions of each intervention in a U.S. nationally representative
sample in order to understand the effects of different strategies on the
population prevalence and distribution of disease. In particular, we
assessed whether interventions to reduce smoking were associated with
lower systolic blood pressure (SBP) and reductions in hypertension
prevalence. Hypertension is a highly relevant condition in the US
context, as it represents both a disease outcome and is a modifiable
risk-factor for many other highly prevalent diseases such as cardiovas-
cular disease (Kannel, 1996) and stroke (Collins et al., 1990). Further,
hypertension is a largely symptomless condition, which has implica-
tions for intervention strategies. Individuals with chronic asympto-

matic conditions are less likely to present in clinical settings and are
also less likely to adhere to treatment regimens, compared to those
with more perceptible symptoms (Miller, 1997). Therefore, it is critical
to understand the impact of high-risk and population prevention
strategies on hypertension, as they inform critical public health
thinking needed to reverse the incidence and consequences of hyper-
tension in a population. We also compared changes between two sub-
samples of the population, those in low- vs. high-income households
(less than $35,000 vs. more than $100,000, respectively), groups with
well-known differences in hypertension prevalence (Diez-Roux, Link,
& Northridge, 2000), to examine the extent to which visible behavioral
risk factors were attributable to hypertension inequalities.

2. Methods
2.1. Analytic approach

Using data from the National Health and Nutrition Examination
Survey (NHANES) 2011-2012, we modeled the sample distribution of
respondents’ SBP. Our analytic sample was limited to respondents for
which SBP data were available. SBP was chosen because it is easily
measured and is a fairly normally distributed continuous variable for
which there is a generally accepted threshold for disease (hypertension)
in the US population. Although hypertension is typically defined as
SBP > 139 mmHg (Chobanian et al., 2003), we included those with
SBP greater than 130 mmHg as hypertensive, in order to avoid
unstable results due to small sample sizes. The impact of each
intervention was generally similar using the SBP > 139 mmHg
threshold for hypertension. We limited the current consideration to
SBP rather than both SBP and diastolic blood pressure for purposes of
simplicity.

The NHANES sample comprised 7053 individuals who had re-
ported at least one measure of SBP. The average SBP value was
recorded among those with multiple measurements. The overall sample
mean SBP was 118.8 mmHg and the standard deviation (SD) was 18.4.
However, to reduce the influence of extremely high or low SBP
measures, we excluded individuals who reported an SBP greater than
2 standard deviations outside of the full sample distribution. Similarly,
to avoid the potential selection bias from very young or very old study
participants, we limited our analytic sample to those age 25—-65. The
final analytic sample comprised 3393 individuals. The mean SBP in this
sample was 119.6 and the SD was 13.7. The full sample distribution is
shown in Supplementary Fig. 1.

2.2. Risk factors

Tobacco smoking is positively associated with increased blood
pressure and incident hypertension (Sleight, 1993). Current smoking
was defined as self-reported use of tobacco every day or some days over
the past 30 days. Smoking was chosen as illustrative because it
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Table 2
Summary of high-risk and population primary and secondary prevention approaches in
the current simulation.

Primary prevention Secondary prevention

High-risk Direct efforts to get smokers to  Treat hypertension among
quit: smokers:
Replace smoker SBP with Reduce SBP of hypertension
mean non-smoker SBP cases by 5%, 10%, or 15%
Population  Passive efforts to get smokers Treat hypertension regardless

to quit: of underlying risk:
Impute mean non-smoker SBP  Reduce SBP by 2.5%, 5%, or
for 33% or 50% of smokers 10%

represents an important health risk and modifiable exposure in the
population (Lackland, 2005). That is, there are numerous interventions
through which individuals can quit smoking. Both risk factor preva-
lence and how an intervention is defined are important considerations
in guiding intervention strategies (Hernan & Taubman, 2008).

In the analytic sample, 23% (n=765) of respondents reported
current smoking. The mean SBP was 120.4 mmHg in smokers and
119.3 mmHg in non-smokers. The prevalence of hypertension was
20.1% to 22.4% in non-smokers vs. smokers. The standard deviation
(13.7) was not different between groups.

2.3. Intervention strategies

We simulated the effects of each intervention strategies, based on
the hypothetical manipulation of the distributions of smoking and SBP.
Of particular interest in this simulation was those individuals in the
upper bounds of SBP distribution, indicative of hypertension cases. The
interventions were simulated according to the following parameters,
which are also summarized in Table 2.

2.3.1. High-risk primary prevention

In the primary prevention strategy, we defined those individuals
who reported being current smokers as high-risk. To examine the
effects of the high-risk primary prevention strategy, we simulated the
change in SBP distribution as a result of hypothetically removing the
exposure from the high-risk population (e.g. getting all current
smokers to quit smoking). We did this by reducing the SBP of each
individual in the high-risk population by the mean difference between
the population who reported smoking (SBP=120.4 mmHg) and the
population who reported not smoking (SBP=119.3 mmHg).

2.3.2. High-risk secondary prevention

Because secondary prevention usually implies clinical treatment,
here we defined the high-risk population as smokers with a SBP of
130 mmHg or higher. To simulate the effect of treating high-risk
individuals using clinical approaches, we measured changes in SBP
distribution as a result of treatment to reduce the SBP of high-risk
hypertensive individuals by 5%, 10%, and 15% to simulate an inter-
vention that focuses on targeted decreases based on an individual's
baseline SBP and smoking risk. Three levels were chosen both to
examine the sensitivity of intervention intensiveness by simulating a
range of SBP reduction goals that might be feasible policy recommen-
dations, as well as to incorporate some of the differential uptake of the
intervention within individuals who received the intervention.

2.3.3. Population primary prevention

In this approach, we simulated changes in the SBP distribution
assuming a hypothetical reduction of smoking throughout the entire
sample. We modeled a reduction in the prevalence of smoking by 33%
and 50%. For primary prevention of smoking, we randomly selected
33% of the population who were current smokers and imputed their
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adjusted SBP as the mean SBP of the non-smoking population. We
repeated these steps with 50% of the smoking population. Under this
strategy, all reductions were made randomly in the sample, indepen-
dent of baseline SBP that individuals reported.

2.3.4. Population secondary prevention

We simulated the changes in the distribution of SBP if hypertensive
individuals in the general population were targeted, regardless of risk
factors, to achieve reductions of 2.5%, 5%, and 10%. As in the high-risk
treatment approaches, we used different levels of reduction to simulate
varying levels of intensiveness of the intervention targets, and to model
differential uptake of the intervention within individuals who received
the intervention.

For each intervention, we calculated the mean, standard deviation,
the prevalence and absolute number of cases of hypertension in low-
and high-income groups in order to investigate differing effects of each
strategy. Comparing changes in the sample mean, given smoking
status, highlighted the overall population effect of each intervention.
By calculating the percent change in prevalence of hypertension, we
were able to assess the relative clinical effectiveness of one intervention
strategy versus others. We also calculated the number of cases that fell
below the clinical definition of hypertension after each intervention as
an absolute measure of the change in disease prevalence in the
population. The standard deviation, combined with the changes in
hypertension prevalence demonstrated the effect of each intervention
in decreasing the population SBP inequalities.

As a way to visually examine the absolute effects of each interven-
tion, and the effects relative to other interventions, we standardized the
SBP values for each individual to a normal distribution using the
resulting sample mean and standard deviation after each intervention.
We plotted the SBP distributions comparing the effects of high-risk
primary and secondary prevention strategies in Fig. 1, and population
primary and secondary prevention strategies in Fig. 2.

3. Results
3.1. High-risk prevention strategies

First, we examined the effects of the high-risk prevention strategy.
The mean SBP among the high-risk sample was 120.4 mmHg, nearly
one point higher than that of the total sample mean (119.6). The effect

OTotal (Mean=119.6;5D=13.7)

©High risk primary: prevent smoking.

4 High risk secondary: If $8P>130, reduce 5%
+High secondary: If SBP>130, reduce 10%

OlHigh risk secondary: If $8P>130, reduce 15%

110 120 130 140 150 160

Fig. 1. SBP distribution in the general population, the high-risk population, and
subsequent changes resulting from high-risk primary and secondary prevention strate-
gies. Note: High-risk intervention A targeted only those at high-risk, defined as those
individuals who reported current smoking (n=765). High-risk secondary intervention
targeted only those at high-risk, defined as those individuals whose SBP > 130 (n=719).
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OTotal (Mean=119.6;5D=13.7)

+Population primary: reduce smoking 33.3%
XPopulation primary: reduce smoking 50% .
4 Population secondary: reduce SBP 2.5% 0 & Cor
< Population secondary: reduce SBP 5% 0

°
ClPopulation secondary: reduce SBP 8% oo A

80 % 100 110 120 130 140 150 160

Fig. 2. SBP distribution in the general population, showing changes as a result of
population primary and secondary prevention strategies' *Population intervention
strategies targeted all individuals in the population, regardless of individual risk factors.

of primary prevention decreased the SBP mean and standard deviation
to 119.3 + 12.1 mmHg and reduced the hypertension prevalence by
23.6%. As a result of the high-risk secondary prevention, the popula-
tion mean SBP decreased by 0.4 mmHg for each additional 5%
reduction in SBP in the high-risk population; the most intensive
(15%) reduction yielded a mean SBP of 118.4 + 12.9. Compared to
the general population, the prevalence of hypertension decreased by
10.4%, 17.9%, and 22.6%, as a result of 5%, 10%, and 15% reductions
in SBP among high-risk hypertensive individuals.

Overall, the high-risk primary prevention led to the largest
decreases in the population SBP SD, as well as in cases of hypertension.
The high-risk secondary prevention strategies led to the largest
decrease in SBP mean and led to a similar decrease in hypertension
prevalence as the primary prevention strategy. All high-risk strategy
results are presented in Table 3 and graphically in Fig. 1.

3.2. Population prevention strategies

Next we examined the effects of both population prevention
strategies. In the primary prevention strategies, a reduction of smoking
levels by 33% and 50%, had a negligible impact. Mean SBP decreased
to 119.4 and 119.3 mmHg respectively, and neither strategy level
reduced the sample standard deviation. The impact of reducing the
sample of smokers by 50% prevented only 1.4% of the hypertension
prevalence in the population. The secondary prevention strategy

Table 3

SSM — Population Health 3 (2017) 1-8

achieved substantial decreases in the sample SBP mean, SD, and
hypertension prevalence. An 8% reduction in population SBP de-
creased the overall mean SBP by 4.8 mmHg to 114.8 + 9.7. The
prevalence of hypertension decreased by 25.0%, 44.3%, and 64.2%, as a
result of 2.5%, 5%, and 8% changes from population secondary
prevention strategies.

Overall, population primary prevention had little impact per the
assumptions of our model, while secondary prevention led to sub-
stantial decreases in systolic blood pressure mean, standard deviation,
and prevalence of hypertension in the general population. All popula-
tion prevention strategy results are presented in Table 4 and Fig. 2.

To summarize the effects of all four strategies, the high-risk primary
prevention strategies led to substantial decreases in the population
standard deviation and hypertension prevalence, while the population
primary prevention had little impact on any measure. The secondary
prevention strategies both led to substantial decreases in SBP mean,
standard deviation, and hypertension prevalence; the greatest impacts
were seen in the most intensive level of the population secondary
prevention strategy.

3.3. The effects of prevention strategies in low versus high household
income populations

We examined inequalities in SBP distribution in a sample stratified
by low-income (n=1358) and high-income (n=662) individuals. The
prevalence of smoking was 31.7% in the low-income group and 12.8%
in the high-income group. The mean SBP was 2 mmHg lower in the
high-income group (120.3 and 118.3 mmHg, respectively). The pre-
valence of hypertension was 22.5% and 17.8% among low- and high-
income groups.

We simulated the interventions in each income group, in order to
examine the impact of each strategy in different socio-economic
contexts. While the high-risk primary prevention strategy had a
negligible impact on SBP means, the low-income sample achieved a
much greater reduction than the high-income population in the
prevalence of hypertension (30.7% vs. 2.8%) and SBP standard
deviation (11.4 mmHg vs. 12.4 mmHg). Relative to group baseline
values, the high-risk secondary prevention strategy yielded greater
relative decreases in SBP means (—1.6 vs. —0.6 mmHg) and standard
deviations (-1.1 vs. —0.4 mmHg) within the low- vs. high-income
group. At the most intensive intervention level, the hypertension
prevalence decreased by 28.9% in the low-income group compared to
15.2% in the high-income group. Also, there was a slight narrowing of
inequalities in the SBP means, which decreased from 2.0 to 0.9 mmHg
at the level of a 15% reduction. The narrowing was similar for standard
deviations.

The impact of population primary prevention was negligible for
both income groups. Population secondary prevention led to substan-

Mean systolic blood pressure (SBP), standard deviation (SD SBP) and changes in cases under simulated high-risk intervention scenarios.

Total N (%) Mean SBP (mmHg) SD SBP (mmHg) SBP > 130, N (%) Change in cases” vs. population, N (%)
Population SBP 3393 119.6 13.7 719 (21.2) -
Smokers 765 (23.0) 120.4 13.7 171 (22.4) (5.7)
Non-smokers 1941 (77.0) 119.3 13.7 548 (20.1) (-5.2)
High-risk, primary prevention”
Prevent smoking 3393 119.3 12.1 548 (16.2) -171 (-23.6)
High-risk, secondary prevention®
Reduce SBP 5% 3393 119.2 13.2 643 (19.0) -76 (-10.4)
Reduce SBP 10% 3393 118.8 13.0 590 (17.4) -129 (-17.9)
Reduce SBP 15% 3393 118.4 12.9 556 (16.4) —-163 (-22.6)

# Cases of hypertension defined as those with SBP > 130.

b The intervention targeted only those at high-risk, defined as those individuals who reported current smoking (n=765).
¢ The intervention targeted only those at high-risk, defined as those individuals whose SBP > 130 (n=719).
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Table 4
Mean systolic blood pressure (SBP), standard deviation (SD) and changes in cases under hypothetical population intervention scenarios.

Mean SBP (mmHg) SD SBP (mmHg) SBP > 130, N (%) Change in cases” vs. population, N (%)
Population SBP 119.6 13.7 719 (21.2) -
Population primary prevention”
Reduce smoking 33% 119.4 13.7 712 (21.0) -7 (-0.9)
Reduce smoking by 50% 119.3 13.7 710 (20.9) -9 (-1.4)
Population secondary prevention”
Reduce SBP 2.5% 118.1 12.3 540 (15.9) -179 (-25.0)
Reduce SBP 5% 116.6 11.1 401 (11.8) —-318 (-44.3)
Reduce SBP 8% 114.8 9.7 257 (7.6) -462 (-64.2)

@ Cases of hypertension defined as those with SBP > 130.
b The intervention targeted all individuals in the population with SBP > 130, regardless of risk factors.

Table 5
Mean systolic blood pressure (SBP), standard deviation (SD) and changes in hypertension cases under hypothetical high-risk and population intervention scenarios, stratified by income
status.

Low household income (less than $35,000/year) High household income (more than $100,000/year)
N (%) Mean SBP SD SBP SBP> 130, Change in cases“vs. N (%) Mean SBP SD SBP SBP > 130, Change in cases“vs.
N (%) population, N (%) N (%) population, N (%)
All SBP 1358 120.3 13.8 305 (22.5) - 662 118.3 13.2 118 (17.8) -
Smokers 430 (31.7) 120.2 14.0 93 (21.6) (-4.0) 85(12.8) 119.8 124 18 (21.2) (19.1)
Non-smokers 928 (68.3) 120.3 13.8 212 (22.8) (1.3) 577 (87.2) 118.1 13.3 100 (17.3)  (-2.8)

High-risk, primary prevention”
Prevent smoking 1358 120.3 11.4 212 (15.6) -70 (-30.7) 662 118.2 12.4 100 (15.1)  -18(-2.8)

High-risk, secondary prevention®

Reduce SBP 5% 1358 119.8 13.2 262 (19.3) -43 (-14.2) 662 118.1 12.9 107 (16.2)  -11 (-9.0)
Reduce SBP 10% 1358 119.2 12.8 241 (17.7) -64 (-21.3) 662 118.0 12.8 102 (154)  -16 (-13.5)
Reduce SBP 15% 1358 118.7 12.7 217 (16.0) -88 (-28.9) 662 117.8 12.8 100 (15.1) -18(-15.2)

Population primary prevention’

Reduce smoking 1358 120.1 13.8 300 (22.1) -5 (-1.8) 662 118.2 13.2 118 (17.8) 0 (0)
33%

Reduce smoking 1358 120.0 13.8 299 (22.0) -6 (-2.2) 662 118.2 13.2 117 17.7) -1 (-0.6)
50%

Population secondary prevention’

Reduce SBP 1358 119.5 12.8 228 (16.8) =77 (-25.3) 662 117.7 12.2 85 (12.8) -33 (-28.1)
2.5%

Reduce SBP 5% 1358 118.7 11.8 168 (12.4) —-137 (-44.9) 662 117.1 11.4 64 (9.7) —54 (-45.5)

Reduce SBP 8% 1358 117.8 10.7 116 (8.5) -189 (-62.2) 662 116.4 10.5 41 (6.2) =77 (-65.2)

@ Cases of hypertension defined as those with SBP > 130.

b The intervention targeted only those at high-risk, defined as those individuals who reported both smoking and high BMI.
¢ The intervention targeted only those at high-risk, defined as those individuals whose SBP > 130.

9 The intervention targeted all individuals in the population, regardless of risk.

Table 6
Summary of effects of hypothetical intervention strategies among high and low household earners.

Low household income (less than High household income (more than Overall
$35,000/year) $100,000/year)
High-risk
Primary prevention Larger decrease in standard deviation and No significant reductions in mean SBP for either group
hypertension prevalence
Secondary prevention  Larger decrease in mean SBP Larger decrease in hypertension prevalence Reductions in standard deviation not different by
income group
Population
Primary prevention No significant reductions in SBP mean, standard
deviation, or hypertension prevalence
Secondary prevention  Larger decrease in mean SBP Larger decrease in SBP standard deviation and

hypertension prevalence
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tial reductions in SBP means and standard deviations for both groups,
but the decrease in hypertension prevalence was slightly greater in the
high-income population. Again, inequalities decreased in the SBP
means, from 2.0 to 1.4 mmHg at the level of an 8% reduction, and
for standard deviations. Full simulation results and key differences in
interventions between income groups are summarized below in Tables
5 and 6.

Overall, the lowest reductions in mean SBP occurred among the
high-income sample, though this is partially because the baseline SBP
was lower than the low-income group. Relative to baseline levels, the
greatest SBP reductions were seen in the low-income group. The
impact of high-risk primary prevention led to greater decreases in
hypertension prevalence among the low-income group, while the
impact of population secondary prevention led to slightly greater
decreases in hypertension prevalence among the high income sample.

4. Discussion

Each of the four different intervention strategies modeled had a
distinct impact on the SBP mean, distribution, and prevalence of
hypertension in the study sample. The greatest overall reductions in
mean SBP, standard deviation, and hypertension prevalence resulted
from the population secondary prevention strategy (i.e. directly inter-
vening to reduce SBP regardless of smoking status), though the high-
risk primary prevention strategy led to substantial decreases in the
population standard deviation and hypertension prevalence as well.
The effect of reducing the prevalence of current smoking in the
population primary prevention strategy did little to decrease sample
mean and standard deviation, at the levels of smoking reduction that
we modeled.

Among the income-stratified population, the lowest reductions in
mean SBP were seen among the high-income group, though this is
partially because the baseline SBP was lower than the low-income
group. Relative to baseline levels, the greatest SBP reductions were
seen in the low-income group. Further, the impact of high-risk primary
and secondary prevention strategies led to greater decreases in
hypertension prevalence among the low-income group, thereby nar-
rowing the income-related gap in disease. By contrast, the population
secondary prevention led to slightly greater decreases in hypertension
prevalence among the high-income group.

The simulation illustrates the effect that small changes in ubiqui-
tous causes will result in more substantial change in the health of
populations than will larger changes in rarer causes. This is illustrated
by the greater impact of high-risk primary prevention in the low-
income group, where smoking prevalence was nearly three times higher
than within the high-income group (31.7% vs. 12.8%).

As expected, the baseline mean SBP values were substantially
higher in the low-income group. Further, there were no differences in
SBP means by smoking status only among the low-income group, while
the mean SBP was 1.7 mmHg higher in smokers vs. non-smokers in the
high-income group. This suggests that SBP inequalities between
income groups are not wholly attributable to the observed smoking
status. Low-income populations have a historically greater risk of
chronic health conditions due to well-known factors that reinforce
the income gradient in health, such as fewer material and informa-
tional resources to prevent disease (Link & Phelan, 1995), and greater
psychosocial stressors (Siegrist & Marmot, 2004). A thorough inves-
tigation of income inequalities and health is beyond the scope of this
paper, but we mention it to emphasize the point that, a researcher or
policy maker who chooses to define a high-risk population based solely
on the prevalence of “modifiable” risk factors (e.g., smoking status)
rather than more distal social definitions of risk, would overlook
significant causes of inequalities in health outcomes. This issue was
raised by Rose himself, when he warned that, by ignoring underlying
causes of illness, any intervention will do little to address health
inequalities in the long-term (Rose, 1985). An additional benefit of a
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structural focus is that it reduces the potential for victim blaming and
stigmatization that can occur when individuals are identified as high-
risk based on presumed behavioral characteristics. This was a promi-
nent critique of early formulations of high-risk intervention strategies
(Labonté, 1994).

A high-risk population can be defined by any number of criteria.
One may choose a definition based on socio-demographic groups such
as age, sex, race/ethnicity, income, or neighborhood; or high-risk may
be defined using “modifiable” risk behaviors, such as smoking, physical
activity, substance use, or other comorbid conditions. There is not
always a clear distinction between what is or is not modifiable (e.g.,
social isolation (Berkman et al., 2003; Pantell et al., 2013). For these
reasons, it is important to consider the assumptions and implications
of how we define who is at high-risk. Focusing on what is modifiable
may allow for a more well-defined intervention, but this may lead one
to address the most proximate causes of disease, rather than thinking
about risk in terms of macrosocial or structural determinants (Krieger
& Davey Smith, 2016; Schwartz, Prins, Campbell, & Gatto, 2015). In
fact, structural determinants that are unaccounted for may affect
compliance or adherence with an intervention, as has been posited as
an explanation for inconsistent and unexpected findings in several
large intervention studies (Multiple Risk Factor Intervention Trial
Research Group, 1982; Orr et al., 2003). The behavior of individuals
is affected by the political, economic, and cultural contexts in which
they live, and this must be taken into account for any intervention to be
successful.

A more general limitation of the high-risk approach, as discussed
by Rose (1985), is the difficulty that researchers face in predicting
individual risk for disease. In our simulations, despite modeling a well-
established risk factor for hypertension, the act of reducing the
prevalence of individual exposure to smoking did little to reduce the
overall population mean SBP, especially when primary prevention was
attempted for the entire population. As the underlying risk in the high-
risk sample increased, so too did the efficacy of the primary prevention
strategies. It seems that the effect of the high-risk primary prevention
strategy was driven mainly by decreases within the low-income cases.
The efficacy of these strategies for an individual is limited by our ability
to predict the individual risk of disease, which is in part dependent on
the prevalence of the causal factors that interact with that exposure to
cause disease. In other words, the magnitude of the effect of an
exposure on disease is dependent on the prevalence of the causal
factors that interact with that exposure. Though we are able to predict
health in populations with much more certainty than we can predict
health in individuals, we will improve our ability to predict an
individual's risk for disease by understanding how multiple risk factors
interact to cause disease. Our predictive ability might also increase by
defining our high-risk population in more narrow terms (e.g., indivi-
duals “exposed” to both smoking and low-income status), but do so
knowing that the absolute number of cases we can prevent will likely
decrease as the population becomes smaller. For example, the primary
prevention strategy decreased hypertension among low-income indivi-
duals by 30.7% vs. 23.6% in the general population. However, the
general population in this example was comprised of 3393 individuals,
so a decrease of 23.6% prevented 171 cases of hypertension, while the
low-income population is comprised of 1358 individuals, so a decrease
of 30.7% prevented only 70 cases of hypertension. Additionally, high-
risk strategies imply that high-risk individuals must be identified and
consent to participating in an intervention, both of which may be
difficult and expensive.

By contrast, population strategies focus on universal strategies that
affect all individuals, regardless of baseline risk of developing disease.
This universality also has advantages and disadvantages. A population
strategy typically seeks to decrease population-level risk of disease,
which is why vaccination programs strive for herd immunity by
maximizing population coverage of vaccines. At the individual level,
most individuals would never get the disease with or without the
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vaccination. Rose referred to this as the “prevention paradox” (Rose,
1985, p. 432). This can make the implementation of a population-level
intervention very difficult, especially in the short-term. Indeed, recent
calls to increase the tax on sugar sweetened beverages in New York City
were met with staunch resistance and ultimately defeated, in part
because opponents believed that beverage choice was an individual
decision, and the risk conferred by high fructose corn syrup is not
perceived as worth the increased cost by the individual consumer
(Brownell et al., 2009; Gollust, Barry, & Niederdeppe, 2014). When
they do succeed, however, population strategies can be powerfully
sustainable drivers of healthy behavior change. For example, workplace
smoking bans have been shown to encourage smokers to quit or to
reduce tobacco consumption (Fichtenberg & Glantz, 2002).

Further, it is important to consider the differences in effects of
primary vs. secondary prevention, both in terms of equity, cost-
effectiveness, and timing (McLeod, Blakely, Kvizhinadze, & Harris,
2014). Primary prevention programs may be more cost-effective in the
long-term as individuals are prevented from ever getting disease. Since
secondary prevention programs seek to treat those with disease, it may
seem as though they are more cost-effective in the shorter-term. The
impact on health equity may also vary by strategy, and the most
equitable interventions likely include a combination of primary pre-
vention supplemented with secondary treatment (Blakely et al., 2015).

There are several limitations to these simulations. First, the
parameters we set for our strategies and their impact were likely based
on overly optimistic assumptions. In reality, the targets of such
interventions would likely be more modest. As such, we are presenting
the maximum impact of intervention rather than the actualized impact.
Also, we assumed that the changes would be permanent, namely that
no smokers would relapse. Further, we lowered the threshold for high
SBP and removed outliers, thus results may not generalize to the
broader population, or to individuals with high SBP diagnosed in
clinical care. Overall, while our approach led to a simplification of
individual's health behavior, our goal was to contrast different strate-
gies under an explicit set of assumptions. We believe that the results of
these comparisons should serve to further stimulate discussion about
the differing impacts of health interventions. Additionally, part of the
decision to impute smoker's SBP independent of their baseline SBP was
to account for some of the unintended consequences of removing this
exposure; for some individuals quitting smoking may lead to other
health outcomes, which themselves may be risk factors for hyperten-
sion (e.g., weight gain (Williamson et al., 1991)). Also, part of the
decrease in SD from the interventions was due to the use of mean
imputation (Donders, van der Heijden, Stijnen, & Moons, 2006).
These methods could be improved with the integration of multiple
imputation techniques for modeling a more realistic impact of these
interventions in the population. While many of the assumptions and
parameters we presented are subject to debate, the purpose of this
paper was to illustrate what questions and considerations might be
necessary for practitioners to address as they begin to plan an
intervention.

Finally, the analysis did not account for financial considerations of
these strategies. Cost-effectiveness is a significant consideration in
planning health interventions, and is often what gets the most attention
in these types of analyses. We argue that questions about maximizing
both efficiency and equity should also be core considerations that
inform how we may develop and implement population health inter-
ventions. In fact, a consideration of intervention effects within various
population subgroups should be included in cost-effectiveness models
(McLeod et al.,, 2014). It is critical to consider the impact of an
intervention on health equity, including a thoughtful and transparent
consideration of when subgroup differences in health indicators (e.g.,
life expectancy) may be appropriate to use, and when differences may
reflect the consequences of discrimination. In addition, there are
numerous other decisions that policy developers must make as they
consider evidence to inform interventions, each of which rests on
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value-laden assumptions. For example, choosing to measure relative
vs. absolute health inequalities can lead to very different interpreta-
tions and implication (Mechanic, 2002). Also influential is the use and
estimation of statistical weights to represent those population sub-
groups in large population surveys (Pearcy & Keppel, 2002).

A growing body of literature has developed to formally present
these assumptions and discuss their implications for policy makers
(Harper et al., 2010). In that spirit, the present analysis seeks to show
that efforts to improve overall population health may disadvantage
some groups; whether equity or efficiency is preferable is a matter of
values. Our collective biases, judgments, and goals are influential
throughout the process of health inequalities research and policy
making, and an increased attention to these assumptions will promote
a greater understanding of population health research methods and
will prove useful to improve the quality of policies to understand and
address health inequalities.
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