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Introduction

Background of the problem
At the population level, breast cancer screening is effective for breast cancer early detection, which can lead to an increase in timely 
treatment and prolonged life. Mammography, the gold standard of breast cancer screening, can reduce breast cancer mortality and 
advanced cancer for women over age 40, according to a 2015 meta-analysis (1). However, other meta-analysis has found limited 
evidence that screening with mammography significantly impacts cancer mortality and that there is a tendency for over-diagnosis 
and reduced effectiveness (2). Nonetheless, to date, mammography is still considered as a relatively accurate tool for detecting 
breast cancer (overall sensitivity: 84.4%; specificity: 90.8%) (3).

In the United States, mammography emerged as an acceptable breast cancer screening approach in the 1960s (4). In the 1970s, 
mammography had gradually become a common clinical practice but with substantial controversy (4). In the 1980s, because of 
positive results of a series of randomized controlled trials on mammography, many guidelines began to recommend mammography 
use, especially among women aged 40 and older (4). Due to the dissemination of mammography screening, mammography use in 
the United States increased greatly in the 1980s, plateaued through 1993, reached a peak in 1999, subsequently declined slowly 
during 2000-2004, and stabilized since 2004 (4-6).
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ABSTRACT

Objective: This study aimed to compare the screening rate trends of mammography among New York State’s lower-income women and the higher-
income women from 1988 to 2010, and evaluate the potential influence of New York State’s Breast Cancer Early Detection Program (introduced in 
1994) on the mammography use rates of lower-income women. 

Materials and Methods: Lower-income women are defined as women aged 40 and over whose household income is lower than 250% of the 
single member household federal poverty level (FPL) in the year that they participated in the survey. Higher-income women are defined as women 
aged 40 and over whose income is greater than 250% of the five-person household FPL. Data were obtained from the Behavioral Risk Factor Sur-
veillance System. Interrupted time series analysis was conducted to examine screening rates before and after the launch of the Breast Cancer Early 
Detection program. 

Results: Among the lower-income women, the pre-intervention mammography screening rate significantly increased by an average of 15.21% 
every two years. However, after implementation of the Breast Cancer Early Detection Program, this rate of increase significantly slowed (slope 
change=-13.67, p=0.00016). The lower-income women and the higher-income women experienced a similar trend change after the intervention 
started. 

Conclusion: This study found limited evidence that the Breast Cancer Early Detection Programme significantly contributed to the state-wide 
increase in mammography screening rate among lower-income women from 1988 to 2010. Future studies should examine the influence of structural 
and individual barriers inhibiting uptake of mammography screening among lower-income women.
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In the United States, mammography is recommended for breast 
cancer screening by the American Cancer Society, the National 
Comprehensive Network, and the U.S. Preventive Services Task 
Force; in contrast, clinical breast exams, another common tool 
for breast cancer screening, is not recommended by the Ameri-
can Cancer Society or the U.S. Preventive Services Task Force due 
to limited scientific evidence (7). The American Cancer Society 
Guidelines recommend that the age of onset for mammography 
is 40 years old; and the recommended interval between screening 
procedures is every year for women aged 40-54 and every two years 
for women aged 55 and older (8). Furthermore, New York State re-
quires insurance (private or public) for breast screening procedures; 
although mammography is covered through New York’s Medicaid 
program (public insurance) and many private insurance programs, 
some private health insurance programs in New York State and 
some government health insurance programs outside New York 
State may not cover the mammography procedures (9, 10).

There is a health disparity of mammography use between lower-
income and higher-income populations. In the United States, 
among females aged 40 and older who had annual income greater 
than >256% of the 5-person household federal poverty level (FPL), 
82.5% received a mammogram screening in the last two years. 
However, among females aged 40 and older who had annual in-
come <182% of the 1-person household FPL, the percentage was 
only 68.4% (11). A literature review indicated that low-income 
women are more likely to be uninsured, leading to lower rates of 
mammography use (12). Moreover, even after adjusting for race, 
ethnicity, and insurance status, low-income women are still signifi-
cantly less likely to have a mammography screening compared with 
high-income women (13). 

In New York State (NYS), breast cancer is the second leading cause 
of cancer-related death among female, accounting for approxi-
mately 2,600 deaths each year (14, 15).

Thus, promoting mammography use for low-income women is a 
health priority in New York State.

Description of the program
In 1994, New York State Department of Health (NYSDOH) initi-
ated the Breast Cancer Early Detection Program to provide free 
mammography services to women aged 40 and over, with house-
hold incomes at or below 250% of the federal poverty level (FPL) 
(10), or who were “financially unable to meet their co-payment or 
whose insurance did not provide coverage for breast cancer screen-

ings”, in order to increase their access to breast cancer screening 
(15, p2). Specifically, the Breast Cancer Early Detection Program 
signed contracts with community-based organizations, who then 
developed relationships with local healthcare providers (e.g. hospi-
tals, clinics and laboratories) to conduct outreach to provide free 
cancer screening services for eligible citizens; the Breast Cancer 
Early Detection Program oversees the delivery of the services and 
assists the recruitment of eligible clients through hot line refer-
rals (i.e., a phone number that can connect clients to the service 
nearest them providing free mammography) (15). The outreach 
also organized state-wide recruitment campaigns to advertise the 
free mammography services for lower-income women aged 40 
and older (15).  If breast cancer is found by the screening, these 
eligible women can participate in the New York State Medicaid 
Cancer Treatment Program to receive full payment for their treat-
ment (15). Besides the provision of free screening, this program 
developed and distributed a series of publications on breast cancer 
screening for health education (15). Theoretically, this program 
would increase the uptake of mammography screening among 
lower-income women aged 40 and older.

Rationale and objectives of the study
This study aimed to illustrate long-term trends in the prevalence 
of mammography among lower-income women aged 40 and over 
and to better understand the influence of the Breast Cancer Early 
Detection Program on the mammography screening rate among 
lower-income women aged 40 and older in New York State. 

To that end, this study aimed to 1. compare the screening rate 
trends of mammography among NYS’s lower-income women aged 
40 and older and the high-income women aged 40 and older from 
1988 to 2010 and 2. assess the potential influence of the Breast 
Cancer Early Detection Program on the mammography use rates 
of the low-income women aged 40 and older using an interrupted 
time-series analysis.

Materials and Methods 

Data sources 
The data analysis was based on secondary data from the Behav-
ioral Risk Factor Surveillance System (BRFSS), which is an annual 
telephone public health survey organized by the Centres for Dis-
ease Control (CDC) randomly interviewing community residents 
aged 18 years and older in each state (16). BRFSS is the largest 
telephone survey worldwide and has historically been shown to 
be useful for policy makers to assess public health issues and pri-
orities within states (17). Numerous studies have examined issues 
regarding the data quality, reliability and validity of the BRFSS, 
and BRFSS has been considered as a moderately reliable and valid 
source on within-state estimates for most health-related issues, in-
cluding data on mammography screening (17-22). A systematic 
review of reliability and validity studies on BRFSS indicated that 
the reliability and validity of self-reported mammography screen-
ing by phone survey in BRFSS is good after comparison with the 
National Health Interview Study (face-to-face interview) and 
mammography registry data (17). The overall BRFSS response rate 
decreased from approximately 75% in 1988 to approximately 57% 
in 2010 (17).

Study participant eligibility criteria 
The eligibility criteria for the free mammography screening pro-
gram included women aged 40 and over, with household incomes 
at or below 250% of the federal poverty level (FPL) (10), or those 
who were “financially unable to meet their co-payment or whose 

Key Points

•	 Limited evidence was found for that the Breast Cancer Early Detec-
tion Programme significantly contributed to the state-wide increase 
in mammography screening rate among lower-income women 
from 1988 to 2010. One explanation could be the low coverage of 
this program.

•	 The general trends of mammography use among both low-income 
and high-income women aged 40 and older in New York State dur-
ing 1988-2010 were consistent with the national-level trends.

•	 Misclassification of exposure was the main challenge of this study, 
in terms of the eligibility for the Breast Cancer Early Detection 
Programme.

•	 Future studies should examine the influence of structural and in-
dividual barriers inhibiting uptake of mammography screening 
among lower-income women.
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insurance did not provide coverage for breast cancer screenings” 
(15, p7).

However, as there is no data of insurance coverage in the BRFSS 
system for the study period, the target group in this study was not 
based on insurance status.

The target group (lower-income group) in this study was defined 
as women aged 40 and over whose household income is lower than 
250% of the single member household federal poverty level (FPL) 
in the year that they participated in the survey (Appendix 1) (23). 
These criteria were set in order to maximize specificity in deter-
mining individuals who were eligible for the program based on 
income.

The comparison group (higher-income group) was defined as 
women aged 40 and over whose income is at or over 250% of 
the five-person household FPL (Appendix 1). Evidence indicates 
that the vast majority of individuals in the “higher-income group” 
would not have been eligible for the Cancer Early Detection pro-
gram. First, between 1985-2010, over 95% of United States house-
holds had less than five members (24). Hence, no more than ~5% 
of individuals in the “higher-income group” would have poten-
tially satisfied the income eligibility criterion of the Cancer Early 
Detection program. Second, national survey data indicates that of 
individuals whose household income is at or above 250% of the 
five-person household FPL (Appendix 1), only 7.5% were unin-
sured (25-33).

Household income between 250% of the one-person FPL and 
250% of the five-person household FPL was defined as the middle-
income group and were not used in this study.

Measures
As the breast cancer screening question was only asked once every 
other year during the period of 2002-2010, the time unit used 
in the analysis was every two years. The following information 
was extracted from annual surveys (1988-2010) conducted by 
the BRFSS: state, age group, sex, the household income level of 
respondents ever had mammogram in last two years. Frequency 
weighting was performed for all observations in SPSS. Two income 
groups were derived from the household income level variable: 
low-income and high-income. Among New York State female re-
spondents aged 40 or older, the proportion of mammography use 
(in last 2 years) among each income group was calculated. 

Data analysis
Prior to the analysis, an impact model was proposed to hypoth-
esize the impact of the free mammography screening service on 
increasing the percentage of low-income women aged 40 and older 
receiving mammography screening. Therefore, a slope change im-
pact model in the percentage of low-income women aged 40 and 
older receiving mammography screening was assumed.

Interrupted time series analysis was conducted to test the linear 
slopes of change in the screening rate before (1988-1993) and after 
the launch of the Breast Cancer Early Detection program (1994-
2010) among the low-income women 40 years and older and high-
income women 40 years and older. Evidence of autocorrelation 
in the full model is limited (Durbin-Watson test statistic: 1.69 
(low-income women), 1.70 (high-income women)). The statistical 
analysis was performed in SPSS version 25 and the level of signifi-
cance (α) was set at 5%.

Ethics statement
The current study complies with the research ethics guidelines of 
Xi’an Jiaotong-Liverpool University. The study was determined 
not to constitute human subjects research because of the use of 
anonymous publicly available secondary data and fact that investi-
gators did not have direct contact with respondents. 

Results

The mammography screening rate among the low-income women 
aged 40 and older significantly increased from 32.0% in 1988 to 
72.4% in 2010, increasing by 3.03% on average every two years 
(95% CI 1.59 to 4.46, p=0.001). In the high-income women aged 
40 and older, the breast cancer screening rate significantly increased 
from 65.1% in 1988 to 80.3% in 2010, increasing by 1.12% on 
average every two years (95% CI 0.29 to 2.06, p=0.014) (Figure 
1). However, it should be noted that both rate trends plateaued 
after 2000, which might be because of ceiling effects in terms of 
mammography screening. In addition, Figure 1 shows a trend in 
opposite directions from 1992 to 1994 between the two groups of 
women; though the uptake in lower income women continued to 
increase, there was a decline in uptake by higher income women 
preceding the launch of the New York State Breast Cancer Early 
Detection Program.

Among the low-income women aged 40 and older, the pre-inter-
vention mammography screening rate significantly increased by an 
average of 15.21% every two years (Table 1). However, after imple-
mentation of the Breast Cancer Early Detection Programme, this 
rate of increase significantly slowed (Table 1). 

In the high-income women aged 40 and older, the pre-intervention 
mammography screening rate significantly increased by an average 
of 5.62% every two years (Table 1). This percentage of increase did 
not significantly change after implementation of the Breast Cancer 
Early Detection Programme (Table 1). Though the rate of increase 
is not statistically significant, the point estimate (-4.98) (Table 1) 
and the plotted data points (Figure 1) clearly indicate a slowing 
trend after the intervention. When comparing the low-income 
women aged 40 and older and the high-income women aged 40 
and older, the pre-post intervention slope changes as a percentage 
of the pre-intervention trend, are remarkably similar between the 
low- and high-income women (13.67/15.21) ≈ (4.98/5.62) (Table 
1). 

Table 2 further divided the intervention period into 1994-2000 
and 2000-2010, based on the trend in Figure 1. However, even 
during the first six years of the intervention period (1994 to 2000), 

Figure 1. Mammography screening rate among NYS’s low-income 
women aged 40 and older and high-income women aged 40 and older
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the percentage of increase in screening rate among low-income 
women aged 40 and older still significantly slowed compared with 
the pre-intervention period (Table 2), consistent with the plateau 
trend in Figure 1. 

Discussion and Conclusion

This study compared the screening rate trends of mammography 
among NYS’s lower-income women aged 40 and over and the 
high-income women aged 40 and over from 1988 to 2010 and 
assessed the potential influence of the Breast Cancer Early Detec-
tion Program on the mammography use rates of the low-income 
women aged 40 and older using an interrupted time-series analysis 
based on BRFSS data. 

We found that the rate of increase in mammography use among the 
low-income women aged 40 and older significantly slowed during 
the intervention period (1994-2010), compared with the pre-in-
tervention period (1988-1994) (Table 1). In addition, the pre-post 
intervention slope changes as a percentage of the pre-intervention 
trend, are remarkably similar between the low- and high-income 
women aged 40 and older (13.67/15.21) ≈ (4.98/5.62). In other 
words, the low-income women aged 40 and older (very likely to be 
eligible for the program) and the high-income women aged 40 and 
older (very unlikely to be eligible for the program) experienced a 
similar trend change after the intervention started. Therefore, at 
the state level, the current study did not detect evidence that the 
Breast Cancer Early Detection Program significantly increased the 
uptake of mammography screening among the low-income wom-
en aged 40 and older.

One explanation for this apparent lack of effect is the low cover-
age of the Breast Cancer Early Detection Program (50,000 cli-

ents per year, 5% of all 1,000,000 low-income women aged 40 
and older). According to New York State Department of Health 
Cancer Services Program (15), the number of women aged 40-64 
eligible for this program (below 250% of federal poverty line and 
also uninsured) is about 200,000 per year during 2013-2015. 
If during 1988-2010, the number of eligible women was also 
approximately 200,000 per year, then the annual coverage of 
this program during 2000-2010 would be approximately 25% 
(50,000/200,000) of all eligible women, which is not high. In-
deed, the number of clients receiving free mammography in the 
Breast Cancer Early Detection Program stopped increasing after 
2000. According to New York State Department of Health Can-
cer Services Program (15, p7), “despite the decreased numbers of 
women screened by the CSP [Cancer Service Program], estimates 
of the number of low-income, uninsured women in NYS during 
the period covered by this report exceeded the capacity of the 
program”. Therefore, the Breast Cancer Early Detection Program 
may not have enough resources (not specifically indicated, per-
haps human resources or financial support) to cover more indi-
viduals (15).

Comparison with previous studies
According to two previous studies (5-6), in the 1980s in the United 
States, there was a steep increase in the rates of mammography due 
to the introduction and dissemination period of mammography 
screening. Mammography use rates in the U.S. plateaued through 
1993, reached a peak in 1999, subsequently declined slowly dur-
ing 2000-2004 and stabilized since 2004. In the current study, the 
general trends of mammography use among both low-income and 
high-income women aged 40 and older in New York State are con-
sistent with the national-level trends.

Table 1. Mammography screening rate trends before and after implementation of the Breast Cancer Early 
Detection Program  

	 Coefficient	 95% CI	 t-statistic	 p

Low-income women aged 40 and older (Durbin-Watson test statistic: 1.69)

Intercept	 17.58	 6.23 to 28.93	 3.51	 0.007

Pre-intervention baseline trend	 15.21	 10.71 to 19.72	 7.64	 <0.0001

Trend change after intervention	 -13.668	 -18.66 to -8.67	 -6.19	 0.00016

High-income women aged 40 and older (Durbin-Watson test statistic: 1.70)

Intercept	 60.14	 46.57 to 73.71	 10.02	 <0.0001

Pre-intervention baseline trend	 5.62	 0.23 to 11.01	 2.36	 0.043

Trend change after intervention	 -4.98	 -10.96 to 0.99	 -1.89	 0.092

Table 2. Mammography screening rate trends among low-income women aged 40 and older before and 
after implementation of the Breast Cancer Early Detection Program (Durbin-Watson test statistic: 2.31)  

	 Coefficient	 95% CI	 t-statistic	 p

Intercept	 20.12	 10.86 to 29.39	 5.01	 0.001

Pre-intervention baseline rate ratio trend	 13.31	 9.36 to 17.25	 7.78	 <0.0001

Rate trend change after Intervention (1994-2000)	 -10.00	 -15.11 to -4.89	 -4.52	 0.002

Rate trend change (2000-2010)	 -3.12	 -5.89 to -0.03	 -2.63	 0.03
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Limitations
One limitation of this study is that the BRFSS data cannot be used 
to definitively determine which women were and were not eligible 
for the Breast Cancer Early Detection Program, potentially lead-
ing to some misclassification bias. The eligibility criteria for the free 
mammography screening program included women aged 40 and 
over, with household incomes below 250% of the federal poverty 
level (FPL) (10), or those who were “financially unable to meet their 
co-payment or whose insurance did not provide coverage for breast 
cancer screenings” (15, p7). However, as the federal poverty line varies 
by household size, the absence of household size in the BRFSS data 
precluded us from determining the income eligibility of the women. 
In order to maximize specificity in determining individuals who were 
eligible for the program based on income, this study defined the low-
er-income women based on the household income lower than 250% 
of 1-person household federal poverty line. To some degree this mea-
sure may have under-estimated the effects of the program, as some 
individuals may have had income >250% of the 1-person household 
FPL, but lower than the multi-person household FPL appropriate 
to their specific living situation; however, the current measure is the 
optimal classification using publicly available data.

It is also possible that some women classified as “higher income” 
may have actually been eligible for the Breast Cancer Early Detec-
tion Program. However, by defining the “higher income group” as 
participants who earned >250% the 5-person household FPL, and 
based on relatively low prevalence of uninsured among this popu-
lation (7.5%) (25), members of the “higher income” group were 
far less likely to have satisfied the eligibility criteria of the Breast 
Cancer Early Detection Program. 

In addition, the nature of the data may limit statistical inferences. 
The overall BRFSS response rate decreased over time, from approx-
imately 75% in 1988 to approximately 57% in 2010 (17, 34, 35). 
Though we cannot attest that the findings are fully free from bias, 
we content that non-response bias has limited impact on our find-
ings. One study indicated that, for BRFSS data, if response rates 
are lower than 40%, then the non-response would be associated 
with under-representation of racial/ethnic minorities and younger 
individuals (36). Furthermore, CDC and several other studies ana-
lysed the influence of low response rates in BRFSS and concluded 
that the impact of non-response bias is very low for response rates 
between 30% and 80% (37-40). 

In addition, the interrupted time series study design may raise 
concerns about change of time-dependent factors at the individual 
level (e.g. income level) and unmeasured confounding (such as 
race, educational attainment, and health conditions). These are the 
limitations of the interrupted time-series study design, which can 
be better addressed by randomized controlled trials (RCT) (41). 
Though RCT studies can provide important evidence, these de-
signs are not possible to be used to retrospectively evaluate public 
health programs which have already been implemented without 
randomization or without any proper control, such as the Breast 
Cancer Early Detection Program. Therefore, given all the avail-
able data sources, we contend that the interrupted time series study 
design is a suitable approach to evaluate this program which was 
introduced at a population level (i.e. New York State) over a clear 
implementation period (i.e. 1988-2010) with a clear population-
level health outcome (i.e. mammography screening rates) (41).

Implications for research and policy
The decrease in slope in the intervention period compared with the 
pre-intervention period (Figure 1) needs to be further explored in 

future studies. Specifically, further studies may aim to identify the 
specific barriers to mammography screening among low-income 
women aged 40 and older in New York State and explore to what 
extent these barriers contribute to the plateaued trends identified 
by the current study. Furthermore, quantitative studies could be 
conducted to estimate the number of individuals who do have ac-
cess to mammography but fail to obtain mammography screening; 
and after that, qualitative studies might be conducted to explore 
the major reasons of not obtaining mammography when having 
access. 

For policy makers and program managers, it is important to con-
firm if finances or shortage of human resources are the major limit-
ing factors preventing more people from participating in the Breast 
Cancer Early Detection Program. If the limitation is financial, then 
increased funding for health institutions and health providers of-
fering free mammography services may help improve coverage and 
uptake of the program among low-income women aged 40 and 
older. Design of the screening program might also be improved 
by applying principles of “behavioral economics” for promoting 
mammography uptake. For example, one principle of “behav-
ioral economics” is that presenting an option as a default choice 
can increase the possibility it will be chosen (42). One-stop shop 
screening could be a promising design for the program, whereby by 
default, patients who fall within the screening criteria (e.g., woman 
40 years of age and older) would automatically be scheduled for 
mammography, unless otherwise indicated by healthcare provider. 
In other countries (e.g. the United Kingdom and Australia), a sys-
tematic review has shown that one-stop shop screening is a cost-
effective and time-effective way to increase the cancer screening 
rate, and is acceptable to most patients and general practitioners 
(43). These same kinds of default mechanisms can also be built 
into routine general check-ups. 

As some women may only screen once and then become less likely 
to screen again after 2 years (e.g., some women may believe that 
a single screening is adequate for life), improving adherence to 
screening schedules could be another important strategy to increase 
uptake of the program. Risk for overdiagnosis, however, should be 
noted. According to a meta-analysis on mammography, after ad-
justing for nonadherence, the magnitude of mortality benefit can 
increase by about 50%, but risk of overdiagnosis can also increase 
up to 50% (44). Therefore, decision aids should be provided to 
help eligible women weigh the advantages and disadvantages of 
mammography (44). 

In summary, this study found limited evidence that the New York 
Breast Cancer Early Detection Programme significantly contrib-
uted to the state-wide increase in mammography screening rate 
among low-income women aged 40 and older from 1988 to 2010.   
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Appendix 1. Federal poverty level (FPL) between 1987 and 2010 (17)  

	 Federal poverty level		  Federal poverty level 
	 (FPL) for 1-person	 250% of 1-person	 (FPL) for 5-person	 250% of 5-person 
Year	 households	 household FPL	 households	 household FPL

1987	 5,500	 13750	 13100	 32750

1988	 5,770	 14425	 13610	 34025

1989	 5,980	 14950	 14140	 35350

1990	 6,280	 15700	 14840	 37100

1991	 6,620	 16550	 15660	 39150

1992	 6,810	 17025	 16330	 40825

1993	 6,970	 17425	 16810	 42025

1994	 7,360	 18400	 17280	 43200

1995	 7,470	 18675	 17710	 44275

1996	 7,740	 19350	 18220	 45550

1997	 7,890	 19725	 18770	 46925

1998	 8,050	 20125	 19250	 48125

1999	 8,240	 20600	 19520	 48800

2000	 8,350	 20875	 19950	 49875

2001	 8,590	 21475	 20670	 51675

2002	 8,860	 22150	 21180	 52950

2003	 8,980	 22450	 21540	 53850

2004	 9,310	 23275	 22030	 55075

2005	 9,570	 23925	 22610	 56525

2006	 9,800	 24500	 23400	 58500

2007	 10,210	 25525	 24130	 60325

2008	 10,400	 26000	 24800	 62000

2009	 10,830	 27075	 25790	 64475

2010	 10,830	 27075	 25790	 64475

2016	 11770	 29425	 28410	 71025
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