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ARTICLE INFO ABSTRACT

Article history: Objectives: The Australian National Bowel Cancer Screening Program (NBCSP) offers free 2-
Received 27 June 2019 yearly immunochemical faecal occult blood testing to individuals aged 50—74 years; na-
Received in revised form tional participation in 2015—-2016 was 41%. In 2017, a 7-week television-led mass-media
27 September 2019 campaign to increase participation in the Australian state of Victoria was associated with a
Accepted 4 October 2019 1.31-fold increase in participation for 11 weeks. We aimed to evaluate the cost-
Available online 22 November 2019 effectiveness and health benefits of the 2017 campaign and scaled-up equivalent cam-

paigns run over 4 years in Victoria and nationally.

Keywords: Study design: This study used microsimulation modelling.

Colorectal cancer Methods: A comprehensive microsimulation model of colorectal cancer (CRC), Policy1-Bowel,
Cancer screening was used to simulate three scenarios. Scenario 1 simulated the 2017 campaign in Victoria;
Cost-effectiveness Scenarios 2 and 3 assumed that campaigns were run three times annually from 2019 to
Mass media 2022 in Victoria and Australia-wide, respectively. Total campaign costs of AUD$1million,
Health campaigns AUD$10million, and AUD$40million were assumed for Scenarios 1, 2, and 3, respectively.

The incremental effects and costs of the campaign on the NBCSP were assessed. A
governmental perspective was used.

Results: All campaign scenarios were predicted to be highly cost-effective, with cost-
effectiveness ratios under AUD$4,800/life-year saved. The actual 2017 campaign in Victo-
ria is estimated to prevent 319 CRC cases and 183 deaths over the following 40 years. A 4-
year campaign would prevent 1,750 CRC cases and 987 deaths if conducted in Victoria, and
8,100 cases and 4,330 deaths if conducted Australia-wide.

Conclusion: Mass-media participation campaigns could be highly cost-effective and maxi-
mise the potential life-saving impact of bowel screening. These results support ongoing
investment in major bowel screening campaigns.
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Introduction

In Australia, more than 5,000 individuals die of colorectal
cancer (CRC, also known as bowel cancer) each year.! Since
2006, the population-wide government-run National Bowel
Cancer Screening Program (NBCSP) has offered free screening
by immunochemical faecal occult blood test (iFOBT) to eligible
Australians.” Screening kits are mailed to eligible individuals
which remain useable for approximately a year. As part of the
phasing in of the NBCSP, different age groups have been
invited to participate each year’ and communicating eligi-
bility for the NBCSP has required complex messaging. How-
ever, from 2019, iFOBT test kits will be mailed to all
Australians between the ages of 50 and 74 years every 2 years.”

Screening programs are challenging to compare across
countries because of variability in their test technology used,
delivery method, national coverage, and stage of imple-
mentation.” Regardless, the aim for any successful program is
high participation in the targeted group. In Australia, NBCSP
participation in 2015—2016 was 40.9%;* globally, participation
rates vary widely.’ Previous evaluations have concluded that
biennial iFOBT testing for people aged 50—74 years (i.e. current
practice of the NBCSP) is effective and cost-effective. The
current approach was found to be optimal for CRC screening
in Australia, compared with using other screening technolo-
gies, age ranges, and intervals.” ° Those studies raised the
possibility, but did not formally confirm, that a cost-effective
investment to improve NBCSP-related outcomes would
involve maximising NBCSP participation in the target age
group. Predictions indicate that increasing NBCSP participa-
tion from 40% to 60% could save 83,800 lives from 2015 to
2040.° The findings of these studies have supported Australian
clinical guidelines and future investment into the NBCSP.%*°

The challenge is to establish the evidence base to support
investment in cost-effective interventions to improve NBCSP
participation. As full rollout of the NBCSP has now been ach-
ieved, interventions to improve participation will potentially
be simpler to implement and have a broader audience, as 2-
yearly screening messaging is now applicable to more co-
horts. Interventions to improve CRC screening participation
internationally have had varying effectiveness'’ with typi-
cally modest improvements in participation.'***

In Australia, a mass-media campaign was run in Victoria, a
state of Australia, over 7 weeks in July and August 2017, to
encourage eligible individuals to participate in the NBCSP.**
The campaign was run and evaluated by Cancer Council Vic-
toria, a non-government not-for-profit cancer charity, and
increased participation 1.31-fold (95% confidence interval [CI]:
1.18—1.45) for 11 weeks. This study aimed to use these data to
predict the long-term CRC outcomes and cost-effectiveness of
the campaign, using an existing microsimulation platform

(Policy1-Bowel).” We also evaluated hypothetical 4-year cam-
paigns conducted in Victoria and Australia-wide from 2019 to
2022 to determine the effects of a longer increase to partici-
pation rates on health and economic outcomes. To date,
formal evaluations of the cost-effectiveness and the predicted
impact of large-scale real-world cancer screening campaigns
on health outcomes have been limited. Only one study of the
impact of a mass-media campaign aimed at improving CRC
screening participation on long-term health outcomes was
identified.” That study reported that the campaign would be
cost-effective, but did not report long-term health outcomes
or downstream costs.

Methods

Cancer Council Victoria mass-media awareness campaign
evaluation

An evaluation of the immediate impact of the 2017 television-
led mass-media campaign on NBCSP iFOBT kit returns has
been described in detail elsewhere.'* Briefly, a TV advertise-
ment campaign with complementary radio and digital ad-
vertisements was run over a 7-week period in July and August
2017 in Victoria. South Australia, a neighbouring Australian
region where the campaign was not run, was used as a con-
trol. The rate of iFOBT kit returns is here referred to as NBCSP
participation. Compared with South Australia, a 1.31-fold in-
crease in NBCSP participation was observed in Victoria over an
11-week period that covered both the 7-week on-air campaign
and 4 weeks after the campaign finished.

In this study, the 2017 campaign refers to the 11-week
period for which an increase in NBCSP participation was
observed.

Policy1-Bowel model platform description

The Policyl-Bowel microsimulation platform used for this
study simulates the development of precancer lesions and
CRC via two biological pathways, the conventional
adenoma—carcinoma pathway (accounting for ~85% of CRC)
and the serrated pathway (accounting for ~15% of CRC), in
individuals. Policy1-Bowel has been extensively calibrated and
validated to the Australian setting; detailed model design,
parameter assumptions, model calibration, and validation
results have been described previously.” A summary of key
model parameters and data sources is provided in Appendix
A.

For the current evaluation, all individuals were simulated
from age 20 years to age 89 years or death (whichever comes
first) using an annual time step. The probability of dying from
non—CRC-related causes for simulated individuals was
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derived from the all-cause mortality data (excluding CRC
mortality) in the Australian population.’® The probability of
cancer patients dying from CRC over the 5-year period after
diagnosis varies by the cancer stage, time since cancer diag-
nosis, and whether the cancer was diagnosed via screening or
was symptomatically detected. Those who survive for 5 years
after diagnosis become cancer survivors. Recurrent CRC is not
explicitly modelled.

The model simulates the phased implementation of the
NBCSP over 2006—2018, and the fully implemented program
from 2019.° For each year, the model simulates iFOBT kits
being sent to all eligible individuals. The modelled proportions
of iFOBT kits completed and returned (i.e. NBCSP participa-
tion) for each scenario evaluated in this study are described in
the following section. Policyl-Bowel then calculates the iFOBT
result based on the number and characteristics of adenomas
and cancers in an individual, which have been calibrated to
observed NBCSP positive rates, including false-positive
iFOBTs.>" For individuals with a positive iFOBT result, the
model conservatively assumed that 67.4% of people in Victoria
and 68.1% in Australia completed a follow-up with a diag-
nostic colonoscopy based on the observed data;* these rates
are thought to be underestimates because of the non-
mandatory reporting of colonoscopy to the NBCSP register.*
The model assumes that all lesions detected by colonoscopy
were successfully removed via a polypectomy. Individuals
with lesions detected during a colonoscopy examination are
followed up with a surveillance colonoscopy in 1-5 years
depending on the colonoscopy outcome, in line with the
Australian surveillance guidelines recommendations.’®" The
compliance rate for surveillance colonoscopies is modelled at
80%, an assumption used by previous studies in the absence of
observed data.” " A non-fatal adverse event rate of 0.27% for
colonoscopies is used, and an additional cost is associated
with these cases."’

Modelled scenarios

Policyl-Bowel was used to simulate scenarios to estimate the
impact of the 2017 campaign and to scale up to 4-year cam-
paigns on NBCSP outcomes in Victoria and Australia-wide.
The following scenarios were simulated:

e the comparators assumed NBCSP participation continued
at rates observed from 2006 to 2015 (with Victorian rates
used in the comparator for Scenarios 1 and 2, and Austra-
lian rates used in the comparator for Scenario 3);
Scenario 1 modelled the short- and long-term outcomes
from the actual one-off 2017 mass-media awareness
campaign in Victoria;

Scenario 2 modelled three (theoretical) scaled-up mass-
media campaigns per year from 2019 to 2022 in Victoria;
and

Scenario 3 modelled the same theoretical campaign dura-
tion and effectiveness as Scenario 2, run across all of
Australia.

The period 2019—2022 was chosen for Scenarios 2 and 3, as
full implementation of biennial screening for all cohorts aged
50—74 years began from 2019. This analysis used a multiple-

cohort approach (i.e. simulating events occurring in the life-
time of multiple birth cohorts and providing cross-sectional
outcomes over time) and focused on all individuals who
were eligible for the NBCSP during the scenario-specific
campaign period; this is referred to as the modelled cohort.
For Scenario 1, this represents those aged 50, 54, 55, 58, 60, 64,
68, 70, 72, and 74 years in 2017. For Scenarios 2 and 3, this
represents those born between 1945 and 1972 inclusive.

Policy1-Bowel separates the screening participation rates for
individuals who have not previously participated in screening
(i.e. screening initiation rates) and for individuals who have
participated at least once (i.e. rescreening rates). Individuals
who screen for the first time due to a campaign were therefore
assumed to screen at the higher participation rate in subse-
quent NBCSP rounds, as they are assumed to transition to
rescreening rates, which have been observed to be higher,*
rather than screening initiation rates. The comparator
NBCSP participation rates, including initiation rates and
rescreening rates, were modelled based on the observed
NBCSP participation rates in 2006—2016, ranging from 34% to
39% over this period in Victoria (Scenarios 1 and 2) and
36—44% in Australia (Scenario 3).* All rates vary by year, age,
and sex, with women and older people having higher partic-
ipation rates. In the absence of detailed data from the NBCSP
monitoring reports, the baseline age-specific rates in Victoria
were informed by the total participation rates observed in
Victoria and the age- and gender-specific rates for Australia
overall. For years after 2016, participation rates were esti-
mated from the rates observed in 2014—-2016.

Scenario 1 assumed a 1.31-fold increase in overall NBCSP
participation rates from previously observed rates during the
11 weeks of the 2017 campaign.’* Outside of the campaign
period, participation rates were assumed to remain the same
as the comparator.

Scenarios 2 and 3 assumed that three rounds of mass-
media awareness campaigns would be conducted each year
between 2019 and 2022 in Victoria and Australia, respectively.
To simulate the impact of these campaigns, we assumed that
NBCSP participation increased 1.31-fold from the observed
rates for 33 weeks each year (accounting for the 11-week
impact for each campaign round observed in the 2017
campaign). No increase in NBCSP participation was assumed
for the remaining 19 weeks of the year. As Policyl-Bowel uses
an annual time step, this was converted to an average 1.20-
fold increase in NBCSP participation from the observed
rates, equivalent to participation rates of approximately 45%
in Victoria and 46% in Australia over a full year. For years
before 2019 and after 2022, screening initiation and rescre-
ening rates were assumed to be the same as those modelled
for the comparator.

Costs

The study used a governmental perspective. The costs
considered included those associated with the intervention
(campaign), sending the iFOBT kits, laboratory analysis of the
completed and returned iFOBT samples, general practitioner
visits for follow-up iFOBT results, colonoscopy examination
(and polypectomy if required) for follow-up iFOBT results and
further surveillance, adverse events resulting from a


https://doi.org/10.1016/j.puhe.2019.10.003
https://doi.org/10.1016/j.puhe.2019.10.003

PUBLIC HEALTH 179 (2020) 90—99 93

colonoscopy, and cancer treatment. Overheads related to
NBCSP administration (other than the costs of sending the
iFOBT kits) and individuals’ out-of-pocket costs were not
included. For details, see Appendix A.

Based on the Victoria campaign evaluation,'® campaign
costs of AUD$1.06 million were assumed for the 2017
campaign (Scenario 1), and AUD$2.5 million per year was
assumed for a 4-year scaled-up campaign (Scenario 2) in
Victoria based on advice from campaign administrators
regarding repeat versus one-off costs for multiple media
campaigns. For Scenario 3, campaign costs of AUD$10 million
per year were assumed for a 4-year Australia-wide campaign,
to account for the larger target population (approximately four
times that of the Victoria population).

4

Participation ranges

To illustrate the range of plausible outcomes, we also
modelled ‘high participation increase’ and ‘low participation
increase’ alternatives to Scenarios 1—3, based on the 95% CI of
the participation increase observed in the 2017 campaign.™
For high participation, we assumed a 1.45-fold increase in
participation rates over 11 weeks, and for low participation,
we modelled a 1.18-fold increase in participation rates. Aver-
aged out over the entire year, these correspond to participa-
tion rates of 48% and 42%, respectively, in Victoria (Scenario 2),
and 49% and 43%, respectively, in Australia (Scenario 3).

Model outcomes

For each scenario, the model was used to estimate the number
of iFOBT kits completed and returned, colonoscopy demand
(including both diagnostic and surveillance colonoscopies), the
number of incident CRC cases and CRC deaths, total costs, and
life-years saved. The model used Australian Bureau of Statistics
Australian and Victorian demography data’® from campaign
years (those eligible for screening in 2017 for Scenario 1, those
born between 1945 and 1972 inclusive for Scenarios 2 and 3) as a
reference population to calculate outcomes. Outcomes are
calculated over the lifetime of the modelled cohort, that is, 40
years from the final year of the campaign.

All costs are presented in 2015 Australian dollars
(AUD$1 =US$ 0.7706 as at June 20, 2015). The cumulative dis-
counted lifetime cost and life-years were calculated with a
discount rate of 5% per annum from 2017 (Scenario 1) or 2019
(Scenarios 2 and 3). This discount rate has previously been
used in a predicate Medical Services Advisory Committee
evaluation of the National Cervical Screening Program in
Australia.”?> The cost-effectiveness ratio (CER) of each
campaign, presented as cost in AUD per life-years saved (LYS),
was calculated versus the comparators (NBCSP with no
campaign). This quantifies the amount of additional expen-
diture associated with saving a year of life. There is no official
willingness-to-pay (WTP) threshold for cost-effectiveness
evaluation for cancer prevention in Australia. Thresholds of
AUD$30,000—-50,000/LYS have been used in previous
studies.””*?* In this study, CERs are compared with a nominal
WTP threshold of AUD$30,000/LYS.

We also calculated the return on investment (ROI), which
expresses the return in terms of health outcomes and costs for

every additional dollar invested in the campaign (beyond the
cost of running the NBCSP itself). This was calculated by
associating an AUD$30,000 value per discounted LYS (deter-
mined by WTP threshold), subtracting the additional dis-
counted costs, and dividing the total by initial campaign
investment, as shown in the below equation..

__ Life Years Saved x AUD$30,000 — Additional Costs
n Direct Campaign Costs

ROI

A time horizon for all costs and LYS of 2060 was used. Note
that the ROI is sensitive to methodological changes, such as
value per LYS, discounting, time horizon used, and which
costs are included.?

Sensitivity analyses

One-way sensitivity analyses on selected model parameters
were completed to study the impact on the cost-effectiveness.
These included 20% higher and 20% lower campaign costs
than the base case, waning campaign effectiveness in the
third and fourth years of the campaign to capture possible
campaign fatigue in Scenarios 2 and 3, and 15% higher 5-year
survival for all CRC patients.

We also completed sensitivity analysis on more aggressive
and less aggressive precancer natural histories which repre-
sent the range of parameter values found in the calibration of
Policy1-Bowel.” The more aggressive natural history assumes a
slightly higher prevalence of adenoma/sessile serrated polyps
(SSP) in the population and a slightly faster progression of
adenoma/SSP to CRC than the base case natural history
assumption. By contrast, the less aggressive natural history
assumes a slightly lower prevalence of adenoma/SSP in the
population and a slightly slower progression of adenoma/SSP
to CRC. Therefore, the model predicts a higher CRC incidence
rate when assuming a more aggressive natural history, and
predicts a lower CRC incidence rate when assuming a less
aggressive natural history.

Full details of these scenarios are available in Appendix B.

Results
Resource utilisation

During the respective campaign periods, an additional 12,300
iFOBT kits would be returned versus the comparator in Sce-
nario 1, 283,000 in Scenario 2, and 1,250,000 in Scenario 3
(Table 1; numerical results are presented to three significant
figures).

During the respective campaign periods, an additional 768
colonoscopies would be required in Scenario 1, 16,300 in
Scenario 2, and 73,000 in Scenario 3 (Table 1, Fig. 1). After
campaign, colonoscopy demand would remain higher than
the comparator.

Health outcomes
The short-term impact of the campaign would be the detec-

tion of non-symptomatic cancers and adenomas that would
otherwise be undetected without the improvements to
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screening participation. An estimated 36 additional cancers
would be detected during the campaign period in Scenario 1,
310 additional cancers in Scenario 2, and 1,710 in Scenario 3
(Table 1). In the longer term, an additional 319, 1,750, and 8,100
CRC cases and 183, 987, and 4,330 CRC deaths would be pre-
vented over the 40 years after the campaign in Scenarios 1-3,
respectively, versus the comparator (Table 1), because of the
early detection of colorectal cancers and precancerous ade-
nomas. Fig. 2 illustrates the estimated cumulative discounted
LYS by the campaigns for Scenarios 1-3.

Costs, cost-effectiveness, and return on investment

Cumulative additional discounted costs for Scenarios 1-3
versus the comparator are shown in Table 1 and Fig. 3. For all
scenarios, high annual upfront costs occurred during the
campaigns because of campaign costs and additional costs
associated with increased NBCSP participation. In later years,
annual costs were predicted to drop lower than the compar-
ators. The cumulative discounted additional costs over the 40

years after the campaign are AUD$1,160,000, AUD$9,800,000,
and AUD$40,100,000 for Scenarios 1—3, respectively, versus
the comparator (Table 1).

All scenarios were found to be highly cost-effective versus
the comparator; the estimated CERs are AUD$3,440/LYS,
AUD$2,770/LYS, and AUD$2,470/LYS for Scenarios 1-3,
respectively, all under the nominal WTP threshold of
AUD$30,000/LYS. The estimated ROIs are AUD$10.50,
AUD$12.90, and AUD$15.80 per dollar invested in Scenarios
1-3, respectively (Table 1), including a value of AUD$30,000
per life year saved in the return.

Participation ranges

The three scenarios were also modelled at the low and high
NBCSP participation increases. All outcomes for the scenarios
with lower and higher participation increases are shown
alongside the observed rates in Table 1. Over the 40 years after
the campaign, Scenario 1 was predicted to be associated with
an additional 133 (low participation increase) to 525 (high

Table 1 — Outcomes for Scenarios 1, 2, and 3.

Observed participation increase  Low participation  High participation

(base case) increase increase
Scenario 1 (2017 campaign, Victoria)
Additional iFOBT kit returns in 2017 12,300 5,130 20,200
Additional colonoscopy services in 2017 768 320 1,260
Additional polypectomies 2017 328 137 537
Additional CRC cases detected in 2017 36 15 59
Additional CRC cases prevented, cohort lifetime 319 133 525
Additional CRC deaths prevented, cohort lifetime 183 76 300
Additional discounted costs, cohort lifetime (AUD) * $1,160,000 $1,100,000 $1,220,000
Cost-effectiveness ratio (AUD/LYS) ° $3,440 $7,470 $2,310
Return on investment (AUD per AUD) © $10.50 $4.35 $17.20
Scenario 2 (2019—2022 campaign, Victoria)
Additional iFOBT kit returns, 2019—2022 283,000 114,000 461,000
Additional colonoscopy services, 2019—2022 16,300 6,360 26,600
Additional polypectomies, 2019—2022 7,050 2,720 11,600
Additional CRC cases detected, 2019—2022 310 83 538
Additional CRC cases prevented, cohort lifetime 1,750 836 2,700
Additional CRC deaths prevented, cohort lifetime 987 490 1,490
Additional discounted costs, cohort lifetime (AUD) * $9,800,000 $7,200,000 $14,200,000
Cost-effectiveness ratio (AUD/LYS) E $2,770 $3,510 $2,600
Return on investment (AUD per AUD) © $12.90 $7.24 $19.70
Scenario 3 (2019—2022 campaign, Australia)
Additional iFOBT kit returns, 2019—2022 1,250,000 504,000 2,030,000
Additional colonoscopy services, 2019—2022 73,000 29,400 119,000
Additional polypectomies, 2019—2022 32,500 13,000 52,500
Additional CRC cases detected, 2019—2022 1,710 821 2,880
Additional CRC cases prevented, cohort lifetime 8,100 3,700 11,900
Additional CRC deaths prevented, cohort lifetime 4,330 2,110 6,420
Additional discounted costs, cohort lifetime (AUD) * $40,100,000 $42,900,000 $54,000,000
Cost-effectiveness ratio [CER] (AUD/LYS) © $2,470 $4,990 $2,310
Return on investment [ROI] (AUD per AUD) © $15.80 $7.29 $22.00

All results are versus the comparator (no change to NBCSP participation) and are presented to three significant figures.

NBCSP, National Bowel Cancer Screening Program; iFOBT, immunochemical faecal occult blood test; CRC, colorectal cancer; AUD, Australian

Dollars; LYS, life-years saved.

& Cumulative discounted costs are discounted at a rate of 5% annually from 2017 (Scenario 1) or 2019 (Scenarios 2 and 3).

 Cost-effectiveness ratio was calculated using discounted lifetime cost and LYS versus the comparator, which were accumulated over the
lifetime of the modelled cohort (the 40 years after the campaign) and discounted at a rate of 5% per annum from 2017 (Scenario 1) or 2019

(Scenarios 2 and 3).

¢ Return on investment in discounted dollars saved and discounted life-years saved valued at AUD$30,000/LYS, per dollar invested.
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Fig. 1 — Absolute number of additional colonoscopies by year in (left to right) Scenario 1 (the 2017 campaign run in Victoria),
Scenario 2 (the 20192022 4-year campaign in Victoria), and Scenario 3 (the 20192022 4-year campaign in Australia).
Shown at the observed increase to participation rate, as well as the high and low participation increases modelled.

participation increase) CRCs prevented, 76—300 additional
CRC deaths prevented, and AUD$1.1—1.2 million additional
costs. In Scenarios 2 and 3, similar ranges were observed at
higher and lower participation increases; see Table 1. At all
modelled participation rates, all scenarios were estimated to
remain very cost-effective.

Sensitivity analyses

Findings of the sensitivity analyses are summarised in Fig. 4.
Given the nominal WTP threshold of AUD$30,000/LYS, all
scenarios were predicted to remain highly cost-effective
(associated with CER less than AUD$7,600/LYS vs no
campaign) in all sensitivity analyses assessed in this study,
including at higher costs, lower campaign effectiveness,
higher CRC survival rates, and with the effects of the cam-
paigns waning by 50% or completely in the third and fourth
years for Scenarios 2 and 3. The campaigns were found to

remain cost-effective under these alternative assumptions.
Full cost-effectiveness results and descriptions can be found
in Appendix B.

Discussion

To our knowledge, this is the first comprehensive evidence-
based cost-effectiveness evaluation that considers all down-
stream health benefits and costs of a real-world mass-media
campaign to promote participation in an organised CRC
screening program. Our analysis found that the one-off 2017
campaign costing AUD$1.06 million was highly cost-effective
and could prevent 183 CRC deaths in Victoria. If run three
times a year over 4 years, this would increase to 1,750 deaths
prevented if the campaign ran in Victoria only, and 4,330
deaths prevented if run Australia-wide. All modelled cam-
paigns were found to be highly cost-effective, even
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Fig. 2 — Model-estimated cumulative discounted life-years saved after the campaign for (from left to right) Scenario 1 (the
2017 campaign run in Victoria), Scenario 2 (the 20192022 4-year campaign in Victoria), and Scenario 3 (the 20192022
4-year campaign in Australia). Shown at the observed increase to participation rate, as well as the high and low

participation increases modelled.
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Fig. 3 — Model-estimated cumulative discounted additional costs after the campaign for (from left to right) Scenario 1 (the
2017 campaign run in Victoria), Scenario 2 (the 2019—-2022 4-year campaign in Victoria), and Scenario 3 (the 2019-2022 4-
year campaign in Australia). As the net effect of the campaign will decrease costs to the NBCSP after the initial investment,
the cumulative additional costs decrease after the campaign period is completed. Shown at the observed increase to
participation rates, as well as the high and low participation increases modelled.

considering a wide range of increases to participation,
campaign costs, and alternative natural history assumptions.
The results of the analysis provide a suite of outputs covering
resource utilisations, health impact, and cost-effectiveness
which could inform planning and investment, particularly
around colonoscopy demand. By calculating the cost-
effectiveness ratio, the utility of a mass-media campaign
can be directly compared with other interventions.*®

Improvement to screening participation is key to effective
CRC control. Internationally, organised screening programs
can vary substantially by recruitment method, screening test
technology used, and return method,** and are therefore not
always directly comparable. However, interventions used in
other countries can highlight facilitators for CRC screening
participation which could be transferred to other settings. For
instance, evaluations have studied the effect of interventions
including mass-media campaigns, reminder letters, and
screening aids to improve CRC screening participation®*?/-?8
or symptom recognition,” and the benefits of improved
feedback and monitoring tools for physicians to engage pa-
tients in screening.12 However, there are fewer complete cost-
effectiveness analyses for general population awareness
campaigns and their impact on cancer outcomes.’®?*
Combining cost-effectiveness analyses with explorations
into the effectiveness of new interventions to improve cancer
screening participation is important for selecting the best in-
vestment for public funding and could inform funding prior-
ities for future and ongoing interventions to improve NBCSP
coverage.

A key strength of this study is that a well-calibrated and
validated comprehensive microsimulation model, Policyl-
Bowel, was used to simulate the campaigns. Policyl-Bowel in-
corporates detailed and current data for the NBCSP partici-
pation rate, follow-up colonoscopy compliance, colonoscopy
surveillance management, test accuracy of iFOBT and colo-
noscopy, and CRC treatment costs observed in Australia.””’
Furthermore, in this study, the model has incorporated costs

and improvements to NBCSP participation attributable to the
campaign based on real-world data observed in the 2017
campaign.'* This allows us to generate well-supported pre-
dictions for long-term health outcomes, resource utilisation,
and cost-effectiveness. Sensitivity analyses on key model
parameters (including the campaigns’ costs and effectiveness)
were performed, and the cost-effectiveness findings for all
campaigns analysed were found to be robust with respect to
the parameters tested.

Another strength of this study is that it used a multiple-
cohort approach to estimate long-term health benefits,
resource utilisation, and cost-effectiveness of the campaign.
Compared with the commonly used single-cohort approach
which focuses on the outcomes of a single age cohort,®’ the
multiple-cohort approach allows the study to account for the
variation in the long-term impact for people who experience
the campaign at different ages and have different life
expectancies.

As is typical for simulation models, there are uncertainties
associated with the model parameters. Particularly relevant
for this study is uncertainty around future screening partici-
pation rates. The modelled screening participation rates from
2016 were estimated based on the data observed in 2015—-2016
(latest data) and earlier.* Changes to screening behaviours in
the future, whether as a result of interventions or a natural
effect of the full rollout of the program, may affect the
improvement in screening participation achievable by the
mass-media campaign and, hence, the results of our analysis.
However, it is unlikely that the NBCSP participation rate has
changed considerably from the observed rates in 20152016
by 2019. We took a whole-of-government perspective for this
analysis, but in practice costs in this analysis are borne by
different levels or sections of government. For example, costs
related to hospitalisation and treatment for colorectal cancer
are split between state jurisdictional governments and federal
government, whereas central costs of running the NBCSP and
the mass media campaign are borne by the federal
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Fig. 4 — Cost-effectiveness of Scenario 1 (the 2017 campaign run in Victoria), Scenario 2 (the 2019—-2022 4-year campaign in
Victoria), and Scenario 3 (the 2019—-2022 4-year campaign in Australia) under various sensitivity analyses. Detailed

discussion can be found in Appendix B.

government. Therefore, our analysis must be viewed as taking
an overarching perspective on government costs rather than
adopting the perspective of any one government agency.

There is also a possibility of future changes to the costs and
effectiveness of CRC screening and treatment due to the ad-
vancements in technology — these changes may alter the
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benefit and cost-effectiveness of screening, and will need to be
tracked to perform updated evaluations as necessary. Ad-
vancements in immunotherapy have proven effective for
some specific CRC subtypes, and there have been calls for
further research into several new immune agents and other
therapies for CRC treatment that could potentially improve
outcomes.? In future, evaluations of treatment options and
their associated outcomes could be conducted. Our sensitivity
analysis which assumed higher survival rates showed that
these campaigns would still be very cost-effective even if CRC
treatments were significantly more effective (15% higher 5-
year survival).

As more cohorts become eligible, loosely targeted media
campaigns could have a larger impact as messaging would
be relevant to a higher proportion of viewers. There may
also be less confusion around eligibility for screening after
full rollout is complete. However, it is possible that im-
provements in screening participation could be tempered by
effects such as message fatigue or desensitisation,®" and
could vary widely by changes to campaign messaging and
methodology.?” We have explored the potential impact of
desensitisation on the study's findings in the sensitivity
analyses; both the 4-year Victoria (Scenario 2) and Australia-
wide (Scenario 3) campaigns were predicted to remain
highly cost-effective even if the campaign's effect was
assumed to be completely diminished in the third and
fourth years of the campaign. The impact of mass-media
campaigns on behavioural change can vary widely.>* We
have explored a range of increases to program participation
in the study; all scenarios were predicted to be highly cost-
effective even when assuming screening participation
increased by 1.18-fold during campaign weeks.

Another limitation of our study is that we have not consid-
ered health disutilities such as quality-adjusted life years or
similar measures in the cost-effectiveness analysis. We have
therefore not captured quality-of-life effects associated with
screening, colonoscopy, cancer diagnosis, and cancer treatment.
Health disutility assumptions are very sensitive to uncertainty
and setting-specific data are limited; previous comparable
studies have also used unweighted life-years as a primary
output.” Future studies which address quality-of-life concerns
could also address the psychosocial issues associated with
screening, especially false-positive iFOBT screening and adverse
events after a colonoscopy. It should also be noted that there is
significant out-of-program screening for CRC in Australia,
including both non-NBCSP iFOBT and screening colonos-
copies.** Some of this screening is for individuals who are at a
higher risk of CRC, or who believe they are at a higher risk; the
current NBCSP does not discriminate by risk group. This is not
captured in the model currently; any effects the campaigns may
have on out-of-program screening is not captured.

The predictions of previous modelling studies*” indicate that
improving NBCSP participation is key to reducing the burden of
CRC in Australia. Participation rates remain disparate among
population subgroups, notably by age, gender, location, lan-
guage spoken at home, and Aboriginal and Torres Strait
Islander status.* The potential benefit of interventions targeted
at population subgroups should be explored by future research.

An analysis of Australian incidence trends indicated a rise
in CRC in people under 50 years.*® A focus on CRC prevention

through healthy lifestyles from an early age is increasingly
important to maintain the decreasing incidence observed in
people over 50 years. Mass-media campaigns can support this
behavioural change.?

Combined with previous evidence showing that increased
participation among the NBCSP’s 50—74-year-old cohort
should be prioritised to further reduce the burden of CRC in
Australia,®’ this study shows that mass-media screening
interventions can be cost-effective investments to achieve
this goal. In acknowledgement of this, the Australian Gov-
ernment has recently awarded a grant of AUD$10 million to
improve NBCSP participation through a national mass-
media campaign for one year which will allow for further
analyses of the longer-term effects of a rolling campaign.’®
Continual evaluation and monitoring of this campaign's
impact on NBCSP participation in and ongoing estimates of
longer term impact Policyl-Bowel is currently planned. The
need for continued and robust monitoring of any organised
CRC screening program is illustrated by this study, as small
changes to participation could have a considerable long-
term impact.
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Objectives: For population-level screening of malnutrition among adults—especially in
developing-country settings—the body mass index (BMI) can be impractical because of
logistical requirements for weight and height measurement. We analyzed anthropometric
data collected from a large-scale nutritional survey on women of rural Bihar to determine
the mid-upper arm circumference (MUAC) cutoffs corresponding to standard BMI cutoffs
and the predictive accuracies of the determined cutoffs.
Study design: It was a cross-sectional study using multistage cluster sampling.
Methods: The current analysis used anthropometric data from a study on dietary practices
of rural women (adolescents, lactating mothers, and women in the interpregnancy period).
The MUAC (cm) cutoffs corresponding to four standard BMI (kg/m?) values were deter-
mined using receiver operating characteristic (ROC) curve analysis.
Result: We detected a significant positive correlation between BMI and MUAC (r = 0.81,
P < 0.0001). In ROC curve analysis, the MUAC cutoffs corresponding to BMI cutoffs of 18.5,
23, 25, and 30 kg/m? were estimated to be 23.2, 26.0, 27.3, and 30.5 kg/m?, respectively. The
predictive accuracy of the determined cutoffs was good, as indicated by the area under the
ROC curve for the four different cutoffs—which ranged between 88% and 97%. Other than
the cutoff for ‘obese’ (BMI, 30 kg/m?), the Kappa coefficients for the rest of the MUAC cutoffs
showed ‘substantial’ agreement (>0.6) with their BMI counterparts.
Conclusion: The results suggest that the cutoffs based on MUAC—a less resource-intensive
measure than BMI—can be used for community-based screening of malnutrition among
women of Bihar.
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Introduction

Nutrition is one of the key determinants of the quality of life
both among children and adults.” Malnourishment among
adult women is associated with a variety of subsequent ill-
nesses that lead to increased risk of morbidity and mortality
and affect the country's economy by increasing the burden
on state-funded and out-of-pocket expenditure and also by
affecting productive life years.”* From public health
perspective, nutritional status of adolescent and adult
women, especially those of reproductive age, is an impor-
tant parameter to assess the overall health status of a
nation.” However, only a few community-based studies in
India have assessed the nutritional status of adult women as
most of such studies have focused on ‘infants and young
children’.®

Various anthropometric measurement techniques are
used to assess nutritional status such as body mass
index (BMI), mid-upper (MUACQ),
measurement of the thickness of triceps or subscapular
skinfolds, and calf circumference.’ Although these
anthropometric assessments are considered to be less
reliable for assessing malnutrition than sophisticated but
expensive body composition assessment techniques such
as hydrodensitometry, electronic bioimpedance, dual-
energy X-ray absorptiometry, and so on,®'° simplicity
of usage and low cost of implementation make these
assessments the ideal choice for population-based eval-
uations.'®'" BMI, a marker for generalized adiposity and
measured as body weight (in kg) divided by height (in
meter?) squared, is the most widely used anthropometric
measure as it is inexpensive and non-invasive and can be
collected by evaluators with minimal training.'*"?
Therefore, assessment of BMI became popular not only
as individual-level clinical and nutritional assessments
but also as a survey tool, especially for assessment of
undernutrition in developing nations.”®'* A BMI of <18.5
kg/m? is widely accepted as a sign of chronic energy
deficiency, where the energy intake equals the energy
expenditure, regardless of body weight and body energy
stores.” Moreover, prior research studies suggest that
BMI, besides being a sensitive marker for nutritional de-
ficiencies/surplus and a crucial determinant of morbid-
ities associated with malnutrition,'® can also serve as a
surrogate for the socio-economic status of a commu-
nity.'*'*'” Nevertheless, in large-scale population-based
surveys and for regular monitoring, assessment of BMI is
often impractical because of logistical reasons as the
equipment for assessment of weight and height often
proves unwieldy in the field. Moreover, it is difficult to
measure weight and height for non-ambulatory partici-
pants/patients.

Under these circumstances, MUAC, a popular anthro-
pometric measure for assessing the nutritional status of
children younger than 5 years, has been suggested as an
alternative for nutritional status evaluation of adults as
well—especially in resource-limited settings.'®'? MUAC has
long been used as a tool for anthropometric measurement

arm circumference

as it is easier to implement than BMI, with minimum
requirement of equipment and acceptable sensitivity and
specificity for detecting underweight.’®?° During recent
times, MUAC has been used for evaluation of adult nutri-
tional status as well, especially in resource-limited settings,
including India.’»®'%29722 prior studies also suggest that
MUAC can be an efficient indicator of adult under-
nutrition—comparable or even better than BMIL*®?* Thus,
given its simplicity and attribute of being less resource
intensive, MUAC could be an ideal choice for community-
based assessment of undernutrition among rural Indian
women. Against this background, the present study sets out
to determine the MUAC cutoffs equivalent to BMI cutoffs
among adolescent and married women of reproductive age
in Bihar.

Methods
Study objectives

The Concurrent Measurement and Learning unit of CARE In-
dia's Bihar Technical Support Program conducted the
‘Women's Nutrition Study’ in August—September 2016 with
the following key objectives:

e To assess the adequacy of food and nutrient (both macro-
nutrients and micronutrients including dietary diversity)
intake among women

e To estimate the coverage of iron folic acid supplementation
and anthelmintics and determine consumptions of the
same

e To evaluate the anthropometric indicators in the study
population

e Tounderstand the knowledge level and practices regarding
various women's nutritional parameters

Study design

The present study used a cross-sectional design implemented
using multistage cluster sampling.

Study sample

The study collected data from the following groups of
women (representative of women of rural Bihar)—(1) preg-
nant; (2) lactating; (3) non-pregnant and non-lactating
women (women in the interpregnancy period [WIPP]); and
(4) adolescent women (married or unmarried) who did not
belong to any of the aforementioned categories. The four
groups of participants were decided based on the four key
beneficiary groups under the current nutrition program:
adolescent women, pregnant women, lactating women, and
also WIPP (as these women are likely to be pregnant again).
Given the low age of marriage and first pregnancy in rural
Bihar,”* the sampled adolescents were also expected to be
representative of the women who have never been preg-
nant. The selection criteria of different groups of women
were as follows:
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Selection criteria for the different groups of women.

Pregnant women Lactating women

Non-pregnant, non-lactating

Adolescent women
women

e In the 2nd or 3rd
trimester of
pregnancy

e Adult (>18 years)

¢ Biological mothers of up to 6-
month-old living children

e Ever breastfed the last born
child

e Adult (>18 years)

e Mothers who have had at least e Between 15 and 17 years old
one live birth and intend to
have another child

e Adult (>18 years)

(married or unmarried), lowest
age encountered in the sample
was 15 years

e Non-pregnant and non-
lactating

To ensure statewide representativeness, respondents were
selected from all 534 blocks (subdistricts) in Bihar. For within-
block sampling, a list of Anganwadi centers (AWCs)—village-
level institutions providing basic healthcare services—was
used. From each block, two AWC catchment areas were
selected by cluster random sampling. This sampling strategy
resulted in selection of 1068 (534*2) AWC catchment areas
across Bihar. In the selected AWC catchment areas, one index
household was selected using a random number table. Then,
followinga ‘Right-hand (clockwise)’ rule (and excluding first five
households from the index household), the enumerators went
around the village until they came across a household con-
taining an eligible, consenting participant from any of the four
target groups. Once a successful interview was conducted, the
next five households were excluded to lower possible neigh-
borhood effect regarding knowledge/behavior, and search for
next eligible participant was continued using the ‘Right-hand’
rule. As many of the nutritional parameters and proximal out-
comes such as knowledge may depend largely on the quality of
services provided by the designated Anganwadi workers
(AWWs), only a single participant from each group was inter-
viewed in each of the selected AWC catchment areas to mini-
mize the effect of intracluster correlation in the overall sample.

Measurements

From each of the sampled AWC catchment areas, interviews
on dietary intake pattern and food availability were conducted
with one eligible participant belonging to each of the four
categories, resulting in 1068 respondents per category. For
selection of eligible women from within the selected AWC
catchment areas, a systematic sampling methodology similar
to that used in earlier studies®>?°

Standard anthropometric measurements—standing height
and weight—were carried out for approximately 25% of the
consentingrespondents (25% from each target group—the AWC
catchment areas for measurement were selected beforehand
using simple random sampling). MUAC was measured for all
participants. In the subsample selected for anthropometric
measurement, if the interview was not completed (or if the
participant provided consent for interview only but not for
measurement), then a replacement interview was conducted in
the same village with a participant belonging to the same target
group. Standing height, weight, and MUAC were measured
using portable stadiometers (SECA code 213), digital weighing
flat scales (SECA code 874), and non-stretchable measuring
tapes, respectively. The weighing machine was calibrated to
measure differences of up to 10 g, whereas one millimeter was
the minimum measurement possible for height and MUAC. For

was used.

measuring height, it was ensured that the participant neither
was wearing any footwear/socks nor had any buns/hair orna-
ments. The participants were instructed to stand with the back
of their head, scapula, buttocks, and back of heels making
contact with the back plate of the stadiometer and the toes
pointing outward. The head was positioned so that the
infraorbital ridge and upper border of the external auditory
meatus was in the same horizontal plane (Frankfort's plane).
During weight measurement, the participants were requested
to remove any heavy removable items/clothing/shoes, as far as
culturally appropriate, and stand on the center of the weighing
machine with hands at their sides and looking straight ahead.
MUAC measurement was performed in the left arm at the
midpoint of the acromion process and olecranon process. Each
of the anthropometric measurement was conducted twice, and
both the values were recorded. At the analysis level, the arith-
metic mean of the two measures was calculated. Other than
pregnant women, anthropometric data from the rest of the
three categories of women were used for the current analysis.

Overall, 310 enumerators, who underwent standardized
training in different batches, conducted data collection and
MUAC measurements. From these enumerators, 80 were
selected for further training on anthropometric assessments,
i.e., assessment of height and weight.

Statistical analysis

Descriptive analyses were carried out to determine the dis-
tribution of sociodemographic and anthropometric charac-
teristics of the study population. The nature of relationship
(linear/curvilinear) between BMI and MUAC was assessed
using Box—Cox transformation and identity function (Trans-
reg procedure in SAS). After establishment of a linear rela-
tionship (based on the ‘lambda’ value), we performed
Pearson's correlation between BMI and MUAC to assess if a
statistically significant positive or negative association existed
between these two variables. Simple linear regression anal-
ysis was performed to determine the strength of association
(and statistical significance) between BMI and MUAC. The
MUAC values corresponding to four standard BMI cut points,?’
namely, 18.5, 23, 25, and 30 kg/m? were determined using
receiver operating characteristic (ROC) curve analysis. Three
methods were used to estimate the optimal cutoff values from
the ROC curves: (1) Youden's ] statistic; (2) minimized distance
to the (0,1) point in the ROC curve; and (3) sensitivity-
specificity equality.”®* ®' In case of discordance between
these three methods, the cutoff value determined by Youden's
] statistic was chosen. Furthermore, the predictive accuracy of
each cutoff point for MUAC was assessed by determining the
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sensitivity, specificity, and total misclassification percentage
against the corresponding BMI cutoff. We also assessed
Cohen's Kappa statistic to determine the agreement between o )
the standard BMI cutoffs and MUAC cutoffs estimated by the In total, we had complete anthropometric information on 618
aforementioned process. SAS version 9.4 was used to conduct ~ Women; of which, 213 were adolescents, 212 were lactating

all statistical analyses. The confidence interval was set at 95%, mothers, and 193 belonged to the WIPP group. The mean age
and the significance level, at 5%. of the adolescent participants was 16 years (standard

Results

Table 1 — Sociodemographic and anthropometric characteristics of the study participants. Women's nutrition study, Bihar,

2016.

Characteristics Adolescents Lactating mothers Women in the interpregnancy period
(N =213) (N =212) (N =193)
Percentage® Percentage® Percentage®

Religion

Hindu 84.5 85.4 87.6

Muslim 15.5 14.6 11.9

Others 0.0 0.0 0.5
Caste

Scheduled caste 18.3 20.3 21.8

Scheduled tribe 2.4 1.9 2.6

Other backward castes 64.3 67.0 63.7

Others/general caste 15.0 10.9 11.9
Type of family

Nuclear family 64.3 50.5 59.6

Joint family 35.2 48.6 40.4
Type of house”

Kaccha 23.9 26.4 25.9

Semi-pucca 56.8 59.9 56.5

Pucca 19.3 13.7 17.6
Source of drinking water

Piped water (own/community tap) 43 1.9 2.6

Hand pump (own/community) 94.3 95.3 94.3

Others (dug well, pond, river, and so 1.4 2.8 3.1

on)

Type of toilet

Own flush toilet 211 17.9 17.1

Own pit toilet 8.5 6.1 7.8

Community/public toilet 0.5 0.5 0.0

No facility/open defecation 70.0 75.5 75.1
Education

No formal education 0.0 1.82 2.0

Studied up to 8th standard 34.04 48.18 41.0

Studied higher than 8th standard 65.96 50.0 57.0
Husband's education®

No formal education 0.0 0.7 0.0

Studied up to 8th standard 29.41 33.57 40.6

Studied higher than 8th standard 70.59 65.73 59.4
Family's asset index?

1st tertile (low wealth) 23.47 33.49 32.12

2nd tertile (middle wealth) 36.62 35.85 35.75

3rd tertile (high wealth) 39.91 30.66 32.12

Mean (+SD) Mean (+SD) Mean (+SD)

Age (years) 16 (1.2) 24 (4.6) 25 (4.7)
Weight (kg) 42 (5.6) 45 (7.5) 45 (7.9)
Height (cm) 150 (8.8) 149 (5.6) 150 (5.8)
Body mass index (kg/m?) 19 (8.7) 20 (2.9) 20 (3.2)
Mid-upper arm circumference (cm) 23 (2.2) 24 (3.0) 23 (3.9)

SD, standard deviation.

& Observations with missing values excluded as applicable.

® Type of house: ‘kaccha’—house made of mud, grass, bamboo, thatch, and other low-quality materials; ‘pucca’—structure made of brick;
‘semi-pucca’—any combination of the components of ‘kaccha’ and ‘pucca’ houses.

¢ Only for married adolescents (N = 27).

4 Based on possession of 25 different household items.



https://doi.org/10.1016/j.puhe.2019.09.010
https://doi.org/10.1016/j.puhe.2019.09.010

72 PUBLIC HEALTH 179 (2020) 68—75

deviation [SD], 1.2), whereas that of lactating mothers and
WIPP was 24 (SD, 4.6) and 25 (SD, 4.7) years, respectively. In all
study groups, Hindus were an overwhelming majority,
whereas in terms of caste, women from ‘other backward
castes’ comprised about two-thirds of the participants.
Approximately, four of five women lived in a non-pucca (not
entirely built of brick) house, and about one-fifth of them had
access to a flush toilet. In terms of education, the adolescent
women fared much better than the other two groups; 58% of
them completed more than eight years of school education as
against less than 30% in rest of the groups. The socio-
economic and sociodemographic characteristics of the study
participants are presented in Table 1.

Using Box—Cox power transformation for the simple
linear regression model with BMI as the dependent variable
and MUAC as the sole independent variable, we obtained a
lambda value of 1.1 and an adjusted R-squared value of 0.74.
Based on the lambda value of close to 1, it was determined
that a linear relationship existed between BMI and MUAC.**
From the results of linear regression analysis, it was deter-
mined that the linear relationship between BMI and MUAC
could be expressed by the following equation: BMI = -
3.24 4 0.96*"MUAC + ¢ (P-value for slope < 0.0001). Further-
more, a statistically significant positive relationship between
BMI and MUAC was also established by a high Pearson's
correlation coefficient (r = 0.81, P < 0.0001). The linear rela-
tionship between BMI and MUAC with 95% prediction limits
is depicted in Fig. 1. In the ROC curve analysis, the area under
the curve for the four different cutoffs for BMI ranged be-
tween 88% and 97% (Fig. 2). Based on the findings of ROC
curve analysis, the MUAC cutoffs corresponding to the BMI
cutoffs of 18.5, 23, 25, and 30 kg/m2 were estimated to be 23.2,
26.0,27.3, and 30.5 kg/m?, respectively (Table 2). The extent of
misclassification of the nutritional status of the study par-
ticipants by using MUAC cutoffs instead of standard BMI
cutoffs is presented in Table 3. Table 3 also depicts the
sensitivity and specificity of MUAC cutoffs (considering BMI
cutoffs as the gold standard) and the extent of agreement
between different MUAC and BMI cutoffs. Other than the
cutoff for ‘obese’ (BMI, 30 kg/m?), the Kappa coefficients for
the rest of the MUAC cutoffs showed ‘substantial’ agreement
(>0.6) with their BMI equivalents.>® The cutoff for ‘obese’
(k = 0.58) showed ‘moderate’ agreement with the corre-
sponding BMI cutoff.

Discussion

As per the fourth iteration of the National Family Health
Survey (NFHS-4), about 32% of the 15- to 49-year-old women in
rural Bihar were underweight.®® Therefore, addressing the
issue of undernutrition among women in this state is a public
health priority. Furthermore, obesity is slowly becoming a
public health problem in India, though it is yet to reach the
magnitude of developed world.* Prior studies reported that
obesity is not only more prevalent among women of repro-
ductive age, compared to males, but also increasing at a faster
rate among women.’® Therefore, the nutritional problems
among Indian women are bifold.>” Assessment of nutritional
status of adolescent and adult women is thus essential to

determine the extent of this problem and to track the effec-
tiveness of different measures to address malnutrition in this
demographic stratum.

The present study collected anthropometric data on
adolescent and adult women of rural Bihar, a socially and
economically less developed state in India, and found that not
only BMI and MUAC are strongly correlated but also a linear
relationship exists between the anthropometric parameters.
This corroborates the findings from earlier studies conducted
in neighboring states of West Bengal and Jharkhand and other
South-East Asian countries.>'®?%*% Rather than the actual
BMI value, public health programs tend to rely more on
different BMI cutoffs as they allow for easier decision-making
regarding intervention. Therefore, current analysis also
focused on determining the MUAC cutoffs that corresponded
to the standard BMI limits. The MUAC cutoffs determined
using ROC curve analysis were found to have good agreement
with BMI and showed excellent classification properties.

Our results therefore suggest that the MUAC cutoffs can
serve as an effective screening tool for detection of mal-
nutrition—both  undernutrition and obesity—among
women of Bihar and possibly other parts of India and
neighboring countries with demographic characteristics
similar to those of this impoverished Indian state. This
constitutes an important finding from the public health
nutrition perspective as MUAC is a far simpler measure,
requiring less logistical (can be measured using inexpensive
color-coded tapes) and intellectual (technical training) re-
sources than BMI assessment (comparatively more sophis-
ticated and difficult-to-carry instruments for weight and
height measurement). A screening mechanism based on
MUAC could be essential for early detection of malnutrition
among women, who usually have poorer access to health
care than men, and to bring them under care. Being a
simpler measure, MUAC assessments can be implemented
by frontline health workers such as AWWs and accredited
social health activists (ASHAs) for community-level detec-
tion of malnutrition among women, especially in rural

BMI and MUAC

40 - BMI=-3.24 + 0.96*MUAC

S

30

BMI

20+

Pearson's Correlation
r=0.8056, p < 0.0001
T T T T

20 25 30 35
Mid upper arm circumference

o BMI 95% Prediction Limits

Regression 95% Prediction Ell@se

Fig. 1 — The linear relationship between Body Mass Index
and Mid Upper Arm Circumference with 95% prediction
limits. BMI, body mass index; MUAGC, mid upper arm
circumference.


https://doi.org/10.1016/j.puhe.2019.09.010
https://doi.org/10.1016/j.puhe.2019.09.010

PUBLIC HEALTH 179 (2020) 68—75

73

Model for BMI <18.5 Model for BMI <23
Area Under the Curve = 0.9227 Area Under the Curve = 0.9621
1.00 1.00
0.75 4 0.75 4
'g 0.50 0.50
S
@\
0.25 4 0.25 4
0.00 H 0.00 H
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 - Specificity 1 - Specificity
Model for BMI <25 Model for BMI <30
Area Under the Curve = 0.9667 Area Under the Curve = 0.8759

1.00 - r_/_r

0.75 4

0.50 +

Sensitivity

0.00 4

T
0.00

T T T

T
0.25 0.50 0.75 1.00

1 - Specificity

Sensitivity

1.00

0.75 4

0.50 H

0.00 4

T T T T T
0.00 0.25 0.50 0.75 1.00

1 - Specificity

Fig. 2 — The area under the curve for the four different cutoffs for Body Mass Index. BMI, body mass index; MUAGC, mid upper

arm circumference.

areas. The malnutrition cases detected this way can then be
managed using simple community-based intervention
under public health nutrition programs such as Integrated
Child Development Services or, if found severe, by referral
to health facilities. The present study also demonstrates the
feasibility of measuring MUAC in study setting. To ensure
compliance from rural women regarding anthropometric
measurements, during enumerators' training, special
emphasis was given on proper consent taking and expla-
nation of the procedure to the study participants. The fact
that there was no refusal toward measurement of MUAC by
the study participants who provided consent for interview
and anthropometric assessment, i.e., there was no refusal
for MUAC measurement among the women who agreed to
be interviewed, provides evidence that MUAC of rural
women can be successfully measured by properly trained
enumerators without much difficulty.

The current assessment suffered from a few limitations.
Although the study had representation of women from across
Bihar, a few important categories of women might have been

left out. As the survey participants had to respond to a detailed
interview and undergo anthropometric measurements, the
probability of participation of sick women (who were also
more likely to be malnourished) was low. Thus, the cutoff

Table 2 — MUAC cutoffs corresponding to BMI cutoffs,

determined by different methods of ROC curve analysis.
Women's nutrition study, Bihar, 2016.

Body mass Mid-upper arm circumference (cm) cutoff
index (kg/ (from different methods)
2

i) et Youden's Minimized distance Sensitivity-

] statistic to (0,1) point in the specificity
ROC curve equality

18.5 23.2 23.2 23.0

23 26.0 26.0 26.0

25 27.3 27.3 27.0

30 30.5 30.5 26.0

ROC, receiver
circumference.

operating characteristic, MUAC, mid-upper arm
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Table 3 — Extent of misclassification on using different MUAC cutoffs as against the corresponding BMI cutoffs. Women's

nutrition study, Bihar, 2016.

Body mass index Mid-upper arm

Sensitivity and specificity of the chosen

Total Kappa coefficient

(kg/m?) circumference cutoff value misclassification (%) (95% CI)
(cm)

<23.2 >23.2
<185 193 (31.23) 53 (8.58) 0.89, 0.82 18.94 0.68 (0.62—0.73)
>18.5 64 (10.36) 308 (49.84)

<26 >26
<23 494 (79.94) 59 (9.55) 0.91, 0.91 11.33 0.61 (0.53—0.69)
>23 11 (1.78) 54 (8.74)

<27.3 >27.3
<25 565 (91.42) 24 (3.88) 0.95, 0.94 4.85 0.60 (0.48—0.72)
>25 6(0.97) 23(3.72)

<30.5 >30.5
<30 608 (98.38) 4 (0.65) 0.99, 0.83 0.97 0.58 (0.30—0.86)
>30 2(0.32) 4 (0.65)

MUAC, mid-upper arm circumference; BMI, body mass index; CI, confidence interval.

determined in the present study might have been based on the
measurements taken from relatively healthier women, which
might not comprehensively represent the scenario in the
community. Exclusion of malnourished women would mean
that at the population level, the sensitivity for screening of
overweight and obese women might be lower, whereas that
for underweight women would be higher than that obtained
in the current analysis. As the burden of underweight among
women of rural Bihar is much higher than that of overweight,
from the perspective of public health nutrition programs, the
measurement error might not be of much significance.
Another obvious limitation of the present study is that
because of its cross-sectional design, the health outcomes
among women belonging to various anthropometric cate-
gories could not be assessed. Thus, we may not comment on
whether the MUAC cutoffs can successfully identify women
who are at higher risk of negative health outcomes. Further-
more, the extent of misclassification is the highest for the
underweight cutoff (18.5 kg/m?). However, even for this cutoff,
sensitivity of the corresponding MUAC cutoff for diagnosis of
underweight is much higher than specificity. Therefore,
despite some misclassification, being an easier measure and
given the emphasis of the current nutrition program on
identifying the underweight (even at the cost of some over-
diagnosis), it may still be beneficial to the program. Finally, as
the present study recruited women from rural Bihar, replica-
bility of the cutoffs in urban settings and in other Indian states
with varying sociodemographic characteristics remains to be
evaluated.

The limitations notwithstanding, the present study is
the first in India to assess the MUAC cutoffs corresponding
to the standard BMI limits from a large and representative
sample of women. The results suggest that it is possible to
conduct community-level screening of malnourishment
among adult/adolescent women using less resource-
intensive techniques such as MUAC. Nevertheless, further
work would be essential to estimate the MUAC standards

for more granular age and physiological categories among
women. In addition, longitudinal studies to understand the
causal association between different MUAC levels and
health outcomes would be immensely beneficial for nutri-
tion programs.
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