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A B S T R A C T 

 

 

Introduction: Early detection of breast cancer by screening mammography aims to increase treatment options and decrease 

mortality. Recent studies have shown inconsistent results in their investigations of the possible association between travel distance 

to mammography and stage of breast cancer at diagnosis. Objective: The purpose of the study was to investigate whether 

geographic access to mammography screening is associated with the stage at breast cancer diagnosis.  

Methods: Using the state’s population-based cancer registry, all female residents of New Hampshire aged ≥40 years who were 

diagnosed with breast cancer during 1998–2004 were identified. The factors associated with early stage (stages 0 to 2) or later 

stage (stages 3 and 4) diagnosis of breast cancer were compared, with emphasis on the distance a woman lived from the closest 

mammography screening facility, and residence in rural and urban locations.  

Results: A total of 5966 New Hampshire women were diagnosed with breast cancer during 1998-2004. Their mean driving 

distance to the nearest mammography facility was 8.85km (range 0–44.26; 5.5 miles, range 0–27.5), with a mean estimated travel 

time of 8.9 min (range 0.0–42.2). The distribution of travel distance (and travel time) was substantially skewed to the right: 56% of 

patients lived within 8 km (5 miles) of a mammography facility, and 65% had a travel time of less than 10 min. There was no 

significant association between later stage of breast cancer and travel time to the nearest mammography facility. Using 3 categories 

of rural/urban residence based on Rural Urban Commuting Area classification, no significant association between rural residence 

and stage of diagnosis was found. New Hampshire women were more likely to be diagnosed with breast cancer at later stages if 
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they lacked private health insurance (p<0.001), were not married (p<0.001), were older (p<0.001), and there was a borderline 

association with diagnosis during non-winter months (p=0.074).  

Conclusions: Most women living in New Hampshire have good geographical access to mammography, and no indication was 

found that travel time or travel distance to mammography significantly affected stage at breast cancer diagnosis. Health insurance, 

age and marital status were the major factors associated with later stage breast cancer. The study contributes to an ongoing debate 

over geographic access to screening mammography in different states, which have given contradictory results. These 

inconsistencies in the rural health literature highlight a need to understand the complexity of defining rural and urban residence; to 

characterize more precisely the issues that contribute to good preventive care in different rural communities; and to appreciate the 

efforts already made in some rural states to provide good geographic access to preventive care. In New Hampshire, specific 

subgroups such as the uninsured and the elderly remain at greatest risk of being diagnosed with later stage breast cancer and may 

benefit from targeted interventions to improve early detection.  

 

Key words: breast cancer, breast cancer screening, mammography, stage at diagnosis, travel distance, travel time. 

 
 

Introduction 
 

Breast cancer is the most common female cancer in the 

USA, making up approximately 26% of newly diagnosed 

cancers1. In 2008, an estimated 182 460 new cases of 

invasive breast cancer will be diagnosed and 40 480 deaths 

will result from this disease among US women
1
. If breast 

cancer is detected early, whether by screening 

mammography or breast examination, women have better 

treatment opportunities and improved survival
1-4

. The 

American Cancer Society (ACS) recommends an annual 

screening mammogram for women from age 40 years and 

older
1
; the National Cancer Institute (NCI) and the US 

Preventive Services Task Force recommend screening 

mammography every 1 to 2 years for the same age group
5,6

. 

In practice, 20-30% of women aged 50-64 years do not 

undergo mammography screening7, and even fewer adhere to 

the recommended intervals. Rakowski et al. found that 

among women aged 55–79 years, 51% had not returned for a 

repeat screening mammogram at the 12 month interval, and 

36% had not returned within 24 months
8
. Clinical breast 

exams (CBE) and breast self exams (BSE) are recommended 

for women in their early 20s; however, research has shown 

that they play a small role in finding breast cancer
9
. For 

women at increased risk for breast cancer, for example due 

to a strong family history, the ACS recommends annual 

screening using magnetic resonance imaging (MRI) in 

addition to mammograms
9
. 

 

Previous research indicates that many factors can influence a 

woman’s likelihood of maintaining a regular schedule of 

mammogram screening for breast cancer: rural or urban 

residence
10,11

; convenience of accessing the mammogram 

including transportation
12

; distance from the nearest 

permanent and mobile mammography facility13; age14; 

race/ethnicity
14

; median county income
11

; years of 

education
11

; and confusion about the cost of the 

mammogram15. Stage at diagnosis has been associated with 

many factors including race
16

; obesity
17

; history of 

mammography
17,18

; method of tumor detection
17

; insurance 

status17,19; distance from residence to nearest hospital20; 

residence in rural areas
21-23

; residence in a nursing home
24

; 

and residence in areas of low socio-economic status
17,25,26

.  

 

In a previous study, the present authors found that treatment 

choices among women with early stage breast cancer in the 

predominantly rural27 and seasonally cold28 state of New 

Hampshire were associated with travel distance to the 

nearest radiation treatment facility, and that women who 

chose lumpectomy were less likely to receive post-operative 

radiation therapy if diagnosed during winter months
29

. In the 

present study, it was hypothesized that geographic and 

seasonal factors affect the stage at which breast cancer is 
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diagnosed. To determine if there are geographic barriers in 

cold, rural regions that may affect access to screening 

mammography, the present study assessed factors relating to 

accessibility, including travel time from patients’ residences 

to the nearest mammography facility; rural or urban 

residence; season at time of diagnosis; and health insurance 

status were assessed. In addition, the effect of rural residence 

on stage at diagnosis was assessed. 

 

Methods 
 

Data  

 

The study population was identified from the population-

based New Hampshire State Cancer Registry (NHSCR). This 

statewide cancer surveillance program collects information 

on residents of New Hampshire diagnosed with and/or 

treated for in situ and invasive cancers by hospitals, 

physicians or other health care providers in the state. The 

registry also receives data for its residents who are diagnosed 

or treated elsewhere, primarily Massachusetts, Vermont, 

Maine, Florida, New York, and other states with cancer 

registries. Data quality and completeness meet the standards 

of the North American Association of Central Cancer 

Registries30.  

 

The study population consisted of all female residents of 

New Hampshire with no prior history of cancer who were 

diagnosed between 1 January 1998 and 31 December 2004 

with breast cancer histology codes 8500–8543 defined by 

ICD-O-2 for cases diagnosed from 1998–2000 and ICD-O-3 

for cases diagnosed in years 2001-2004 (n=6305). Women 

diagnosed only at autopsy or identified only through death 

certificates were not included because of the unreliability of 

the diagnosis from this source. Because the American 

Cancer Society recommends annual mammography 

screening from age 401, women under this age were 

excluded (n=302).  

The NHSCR collects stage at diagnosis classified according 

to the American Joint Commission on Cancer (AJCC) TNM 

Staging System. Each case in the dataset had either a 

pathologic or clinical AJCC stage group, which were pooled 

into combined stage groupings consisting of stages 0 

(carcinoma in situ) to 4: If a patient had surgical excision 

with lymph node dissection, it meets the criteria for 

pathological staging. If surgery was not performed or if the 

surgery did not included a lymph node dissection, then stage 

is based on clinical findings. Where cases were staged both 

ways, pathological staging took precedence. When 

37 women with unknown stage at diagnosis were excluded, 

5966 patients remained. The rationale for including stages 

from 0 to 4 was that in situ and stage 1 cancers may be more 

likely to be identified through mammographic screening than 

by symptomatic disease
31

. 

 

The registry collects demographic and clinical information, 

including patient residence, date of diagnosis, marital status, 

age, multiple primary cancers, tumor size, and insurance 

information when available. The season of diagnosis were 

classified as winter (December–February) or non-winter 

(March–November), as described previously29. Marital status 

at the time of diagnosis was defined as married or unmarried 

(single, separated, divorced, or widowed). Insurance status 

was classified as: (i) insured (health maintenance 

organizations, preferred provider organization, other 

managed care, TRICARE, Military, Veterans 

Administration, Indian and Public Health Service); 

(ii) Medicare, with and without supplemental insurance; 

(iii) Medicaid; (iv) not insured (which includes self-pay, 

charity write-off, and uninsured-not otherwise specified); 

and (v) unknown status.  

 

Proximity of residence to nearest mammography 

facilities  

 

All facilities certified to provide mammography services in 

New Hampshire (46) were identified, and the adjacent states 

of Maine (60), Massachusetts (181) and Vermont (26) during 

the years 1998–2004 from the US Food and Drug 

Administration (FDA), Center for Devices and Radiological 

Health
32

. Each facility’s address was geocoded to the exact 

street location listed in the FDA file using ArcGIS 9.2 

(Environmental Research Systems Institute [ESRI]; 
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Redlands, CA). The addresses of patients were geocoded by 

TeleAtlas (Lebanon, NH ) to an exact street address 

(n=5457; 91.5%), or to the zip code geographic centroid if 

only a post office box or rural route address was provided 

(n=509; 8.5%). Using the Network Analyst extension in 

ArcGIS and data from ESRI on street networks and posted 

speed limits, driving distance and driving time from the 

patients’ residence to the nearest mammography facility was 

calculated. It was not possible to account for variation in 

speed due to traffic congestion or weather. For analyses, the 

focus was on travel time rather than distance, to reflect the 

variation in commute times between urban and rural areas.  

 

Urban/rural residence  

 

Rural residence was considered as a secondary factor that 

might be associated with stage at diagnosis, while 

understanding the potential overlap between this variable 

and driving time to mammography facilities. To classify 

residence as rural or urban, the Rural Urban Commuting 

Area (RUCA) classification scheme was used. The RUCA 

system addresses some of the pitfalls of the county-based 

systems by creating categories at the US Census tract level 

and the ZIP code level. The classification system considers 

commuting patterns to larger metropolitan or large town area 

in designating categories within the system. The system has 

a total of 33 categories, which are commonly grouped 

together to form classifications of urban, large rural, and 

small rural33.  

 

Access to primary care providers  

 

Primary care supply was defined as the number of primary 

care (including obstetric and gynecology) providers 

(physicians, doctors of osteopathic medicine and physician 

assistants) in a given primary care service area (PCSA) per 

1000 women aged 40 years and older
34

. Primary care supply 

was measured for each PCSA in New Hampshire (n=46, 

median size in km
2
 = 18.5, interquartile range [IQR] 8.85–

44.26; in miles
2
 = 11.5, IQR 5.5-27.2) and assigned to the 

zip code tabulation area (ZCTA) of residence for individuals 

at the time of diagnosis. The PCSAs were developed by 

aggregating ZCTAs to reflect Medicare patient utilization of 

primary care providers34. They are based on 1999 and 2001 

Medicare claims, 2000 US Census demographics, and 2000-

2001 American Medical Association and American 

Osteopathic Association physician data. Nurse practitioner 

data are not included in these sources and were unavailable.  

 

Statistical analysis  

 

Descriptive analyses and tabulations for all variables was 

performed using chi-square analyses and 2-sided t-tests to 

compare predictor variables for each stage at diagnosis. 

Multivariate logistic regression models described factors that 

predict whether women were diagnosed with earlier stage 

(0–1) or later stage cancers (2–4). For multivariate logistic 

regression models, cases with unknown marital status were 

removed (n=133). The initial model included all categorical 

variables. However, travel time distribution showed an 

expected right-tailed skew; so this variable was log 

transformed before inclusion in subsequent models. This 

transformation had little effect on the results so travel time is 

also reported as a continuous variable. The Statistical 

Package for the Social Sciences (SPSS) v15 for Windows 

(SPSS Inc; Chicago, IL, USA; www.spss.com) was used for 

all statistical analyses. 

 

 

Approval for the study of human subjects  

 

This study was reviewed and approved by the Committee for 

the Protection of Human Subjects of Dartmouth College. 

Authorization was also granted by the State of New 

Hampshire, Department of Health and Human Services, 

Office of Community and Public Health, Bureau of Health 

Statistics and Data Management. 

 

Results 
 

The 5966 women included in the analysis had a mean age of 

60.6 years (range 40–101). The distribution of cancer stages 

among all women was in situ (21.3%), 1 (41.9%), 2 (27.3%), 
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3 (6.6%) and 4 (2.9%). The mean driving distance between 

patient residence and the nearest mammography facility was 

8.85 km (range 0–44.26, median 6.76, IQR 3.22–12.39; 5.5 

miles, range 0-27.5, median 4.2, IQR 2-7.7), with a mean 

estimated travel time of 8.9 min (range 0–42.2, median 7; 

IQR 3.4–7). The distributions of these two variables were 

substantially skewed to the right: 56.3% of patients lived 

within 8 km (5 miles) of a mammography facility, and 65% 

had a travel time of less than 10 min. Driving distance to the 

nearest mammography facility was significantly correlated 

with driving time (r=.966; p=<0.001), which is expected, 

particularly in the more urban areas of the state where the 

majority of cases were located (urban 59.1%, rural 40.9%).  

 

In univariate analyses, associations were seen between later 

stage (stage 2–4) diagnosis and either Medicaid coverage 

(p<0.0001) or lack of insurance (p<0.0001) (Table 1). 

Women aged 80 years or older were more likely to be 

diagnosed at a later stage (p<0.001), as were women who 

were not married (separated, divorced, or widowed) 

(p<0.001). No significant difference were found between 

women diagnosed with earlier or later stage breast cancer in 

the estimated driving time or distance to the nearest 

mammography facility, in the primary care provider density, 

season of diagnoses, or urban/rural residence.  

 

Multivariate analyses confirmed that stage at diagnosis was 

associated significantly with health insurance status (p< 

0.001), marital status (p<0.001) or age (p<0.001) (Table 2). 

Season of diagnosis contributed with borderline significance 

to the final multivariate model (p=0.074). Compared with 

women with private health insurance, the adjusted odds ratio 

for later stage at diagnosis among women using Medicaid 

was 2.01 (95% CI 1.27–3.16). No significant association was 

found between cancer stage at diagnosis and driving time to 

the nearest mammography facility either as a continuous or 

categorical variable. Primary care provider density and 

urban/rural residence were not significantly associated with 

stage at diagnosis (data not shown). 

 

Interaction terms representing travel time and age, and travel 

time and health insurance type were not statistically 

significant. Further, in analyses restricted to women aged 

less than 65 years, health insurance status was a significant 

predictor of stage at diagnosis (p<0.001) but age, marital 

status and season of diagnosis were not. Among women aged 

65 years or older, age and marital status were significantly 

associated with stage, but health insurance status (almost 

uniformly Medicare) was not (data not shown). Travel time 

was not significant in either of the models restricted by age. 

Analyses stratified on age group (above or below 75 years), 

or on rural residence, failed to identify any significant 

association between travel distance (or time) and the stage at 

diagnosis (data not shown). 

 

To assess the most extreme stages at which breast cancer 

may be diagnosed, women with in situ cancer (stage 0) were 

also compared with those diagnosed at stages 3 or 4. The 

model showed a significant influence of health insurance 

(p=0.015), marital status (p=0.001) and age (p<.001) but 

again travel distance to a mammography facility was not 

statistically significant (data not shown). Similar results were 

obtained in comparing stages 0–2 with 3–4. 

 

Discussion 
 

The data indicate that in the predominantly rural state of 

New Hampshire, mammography facilities are geographically 

accessible to most women, and that neither travel 

distance/time to mammography nor rural residence 

significantly delays the diagnosis of breast cancer. Other, 

non-geographic factors present more substantial risks for a 

late stage diagnosis of breast cancer, with higher risk among 

the uninsured, elderly and those who are not married. Prior 

studies support the observation that having no health 

insurance or being covered by Medicaid was significantly 

associated with a later stage at diagnosis when compared 

with having private health insurance
17,35,36

. The results are 

reassuring because they suggest that rural residence in New 

Hampshire does not necessarily present a significant 

disadvantage to women in relation to breast cancer 

diagnosis, and their geographic access to mammography is 

generally good. 
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Table 1: Characteristics of cancer stage at diagnosis in 5966 New Hampshire women with breast cancer, 1998–2004 

 
Stage at diagnosis 

n (%) 

Characteristic 

0–1 2–4 

P-value* 

Age .000 

 40 to <50 882 (23.4) 556 (25.3)  

 50 to <60 1048 (27.8) 579 (26.4)  

 60 to <70 830 (22) 455 (20.7)  

 70 to <80 717 (19) 362 (16.5)  

 80+ 292 (7.7) 245 (11.2)  

Mean age (years), SD 60.5 (12.6) 60.7 (13.6) .466 

Marital status .000 

 Not married 1260 (33.4) 874 (39.8)  

 Married 2425 (64.3) 1274 (58)  

 Unknown 84 (2.2) 49 (2.2)  

Payer .000 

 Insured 1939 (51.4) 1045 (47.6)  

 Not Insured 96 (2.5) 90 (4.1)  

 Medicaid 37 (1) 44 (2)  

 Medicare 1097 (29.1) 648 (29.5)  

 Unknown 600 (15.9) 370 (16.8)  

Season at diagnosis .077 

 Non-winter (Mar–Nov) 2826 (75) 1692 (77)  

 Winter (Dec–Feb) 943 (25) 505 (23)  

Residence .723 

 Urban 2239 (59.4) 1284 (58.4)  

 Large rural 916 (24.3) 553 (25.2)  

 Small rural 614 (16.3) 360 (16.4)  

Driving distance (miles) .398 

 <5 2114 (56.1) 1243 (56.6)  

 5 –<10 1086 (28.8) 600 (27.3)  

 10–<15.0 392 (10.4) 254 (11.6)  

 ≥15 177 (4.7) 100 (4.6)  

Mean distance (miles), SD 5.5 (4.4) 5.5 (4.5) .926 

Driving time (min) .070 

 <5 1357 (36) 837 (38.1)  

 5–<10 1101 (29.2) 583 (26.5)  

 ≥10 1311 (34.8) 777 (35.4)  

Mean time (min), SD 9.0 (7) 8.9 (7.1) .720 

PCP Supply (per 1000) .748 

 ≤3 1341 (35.6) 800 (36.4)  

 >3 to 4.5 1261 (33.5) 735 (33.5)  

 >4.5 1167 (31) 662 (30.1)  

Mean PCP supply (per 1000), SD 4.1 (1.9) 4.1 (1.8) .934 

  PCP, Primary care provider. 

  *Univariate analysis: Chi-square used to test categorical variables for statistical  

  significance; t-tests were used on continuous variables. 
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Table 2: Logistic regression models predicting later stage (stage 2–4) breast cancer at diagnosis among 5833 New 

Hampshire women diagnosed with breast cancer, 1998–2004† 

 
Model 1 Model 2 

CI CI 

  Characteristic 

Adjusted 

OR Lower Upper 
P-value* 

Adjusted 

OR Lower Upper 

P- 

value** 

Age  

 40–<50 Reference .000 Reference .000 

 50–<60 .869 .748 1.009 .066 .871 .750 1.011 .070 

 60–<70 .834 .704 .988 .036 .836 .706 .990 .038 

 70–<80 .702 .570 .865 .001 .702 .569 .865 .001 

 ≥80 1.126 .879 1.443 .348 1.127 .880 1.445 .344 

Marital Status  

 Not married Reference  Reference  

 Married .796 .708 .896 .000 .800 .711 .900 .000 

Payer  

 Insured Reference .000 Reference .000 

 Not insured 1.789 1.318 2.430 .000 1.791 1.319 2.432 .000 

 Medicaid 2.005 1.273 3.158 .003 1.983 1.258 3.124 .003 

 Medicare 1.100 .924 1.310 .284 1.099 .923 1.308 .291 

 Unknown 1.146 .975 1.349 .099 1.147 .975 1.349 .098 

Time of year of diagnosis  

 Non-winter (Mar–Nov) Reference  Reference  

 Winter (Dec–Feb) .891 .786 1.011 .074 .891 .786 1.011 .074 

Driving distance (miles)  

 <5 Reference .553 – – – – 

 5–<10.0 .967 .854 1.095 .598 – – – – 

 10–<15.0 1.112 .932 1.327 .238 – – – – 

 ≥15 .993 .765 1.288 .956 – – – – 

Driving time (min)  

 <5 – – – – Reference .305 

 5–<10.0 – – – – .911 .795 1.043 .178 

 ≥10 – – – – 1.002 .882 1.139 .974 
OR, Odds ratio; CI, confidence intervals.  
  †Cases with unknown marital status (n=133) excluded from both models. 

*Driving time not included in Model 1; **driving distance not included in Model 2. 

 
 

 

Recent studies along the same lines have produced 

inconsistent results. A study in Kentucky reported a 

significant association between later stage at diagnosis and 

increasing travel distance to mammography
37

, and a Texan 

study reported a significantly increased risk of late stage 

breast cancer diagnosis among residents of numerous 

counties that lacked any mammography facility
38

. In 

contrast, reports from Virginia39 and Illinois40, like the 

present study, found no association between travel distance 

to mammography and later stage diagnosis of breast cancer. 

The mean travel distance to mammography (9.65 km; 

6 miles) in the Kentucky report was similar to that seen in 

New Hampshire (8 km; 5 miles). In Kentucky, an excess of 

late stage (III and IV) cancers was found among those living 

24.14 km (15 miles) or more from a mammography facility; 

12.7% compared to only 8.7% of (0–II) stage cancers. The 

corresponding proportions in New Hampshire were 5.1% 

and 4.6%, suggesting that even though twice as many 

women were analyzed in Kentucky as in New Hampshire, 

the discrepancy in these results was not necessarily 

attributable simply to sample size. The reasons for the 

apparently contradictory results from these studies are 

unclear, but it seems likely that states vary not only in terms 

of geographic and other factors affecting stage at diagnosis, 

but also in researchers’ ability to collect and analyze data 

that adequately represent those factors. 
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The Illinois study of Medicare recipients
40

, as well as a 

British study41, while reporting that geographic access to 

mammography facilities was not an important factor in the 

diagnosis of late-stage cancer, found that the availability of 

primary care facilities was significant. No evidence was 

found that the density of primary care providers in the PCSA 

for each woman’s residence affected the stage at which 

breast cancer was diagnosed. The use of per capita primary 

care provider (PCP) supply as a proxy for the availability of 

primary care to the individual has potential drawbacks, as it 

is a group-level measure that may differ among individuals 

within primary care service areas
42

. The present study’s 

exclusion of nurse practitioners (NP) from the PCP supply 

measure is unlikely to introduce bias since most NPs practice 

in the same physical location as other providers, and thus 

would be unlikely to contribute an independent practice 

location to the supply measure.  

 

Other studies which categorized women’s residences as 

urban or rural, found that women residing in rural areas are 

diagnosed with breast cancer at a later stage
25

. Colorectal 

cancer patients living in rural areas were found to travel long 

distances for cancer treatment43. Paquette and Finlayson 

found that urban rather than rural populations were 

associated with later stage at diagnosis for lung and 

colorectal cancer, but their designation of rural versus urban 

has limitations
44

. Defining urban and rural populations in 

New Hampshire is not necessarily straightforward. In New 

Hampshire, 84% of the state’s land mass is rural, and this 

same area accounts for 37% of the population
27

. Whereas 

many cities elsewhere show distinct segregation of rich and 

poor, employed and unemployed in specific neighborhoods, 

the economic and social characteristics of the inhabitants of 

a given census tract in New Hampshire are highly variable. 

Thus, group level ecological measures in the New 

Hampshire population may be imprecise markers for the 

individuals they are supposed to represent.  

 

It was originally hypothesized that the season in which 

breast cancer is diagnosed may be associated with stage 

because severe winter weather conditions may deter women 

from traveling for mammography. After adjustment for other 

factors, it was found that a small excess of late stage cancers 

(77% versus 75%) were diagnosed during non-winter 

seasons (p=0.074). In the authors’ previous study, it was 

found that women diagnosed during winter were more likely 

to forego recommended treatment29. Researchers from 

Maine, a larger, neighboring state with similar geographic 

characteristics but a more sparse population
45,46

, used 

climatological data to investigate weather as a predictor of 

late stage prostatic and colorectal cancers, with negative 

results. The timing and pattern of use of mammography 

facilities by individuals before a diagnosis of cancer could be 

investigated in future studies. 

 

The strengths of the study include the use of population-

based central cancer registry data, noted for achieving 99% 

case ascertainment and high quality data
47

. Unlike similar 

studies in which travel time was based on zip code areas13,40, 

the estimations of driving distance and travel time were 

derived in most cases from the exact street address of a 

patient’s primary residence at diagnosis to the exact location 

of the nearest mammography facility, although the estimates 

may not reflect road quality particularly during snowy and 

icy days or traffic congestion.  

 

The limitations of this study include a lack of knowledge 

about the actual use of mammography facilities for 

screening, diagnostic work-up of clinical disease, or indeed 

whether the nearest facility was used by a given patient. 

Tumors detected during screening tend to be less aggressive 

than those presenting with symptoms between regularly-

scheduled mammograms (‘length biased sampling’). Thus, a 

proportion of later stage tumors arise among women who 

follow standard screening recommendations, and these 

women cannot be identified from the data. A screening 

history for each woman might have helped elucidate the role 

of geographic barriers among individual women in the study. 

Previous research has shown that women with late stage 

breast cancer were half as likely to have had a screening 

mammogram within the previous 13–36 months than those 

with early stage disease, particularly if they were older than 

75 years of age, unmarried, or without a family history of 

breast cancer
48

. Residence in census blocks with less 
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education or lower median income is also associated with 

lack of screening48. These factors may have impacted stage 

at diagnosis in the study as well as other factors which could 

not be accounted for, including availability of public 

transportation or a personal vehicle and the relative costs of 

mammography at different facilities under different 

insurance plans.  

 

Although predominantly rural, New Hampshire is a small 

state that seems to be well served with mammography 

facilities; this may not be true of other, rural states whose 

populations must travel greater distances to access health 

care. The fact that the findings differ from other studies of 

rural areas suggests that populations which would 

conventionally be classified as rural may be heterogeneous 

in terms of important health predictors such as geographic 

access to care, insurance status and social support networks. 

A multi-state collaboration addressing these issues would 

assist understanding of the similarities and differences in 

these other factors among rural states in relation to cancer 

prevention.  

 

Conclusion 
 

Breast cancer stage at diagnosis in New Hampshire does not 

seem to be attributable to geographic barriers to 

mammography screening facilities, but is significantly 

associated with health insurance, marital status, and age at 

diagnosis. It seems likely that, while gaps in mammographic 

screening are not generally related to geographic barriers, a 

complex variety of other factors may affect a woman’s 

motivation or ability to screen, including financial and social 

incentives. 
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