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Abstract

Aims/hypothesis Individuals with diabetes are at increased risk of developing and dying from cancer. Evidence-based
guidelines recommend universal screening for breast, cervical and colorectal cancer; however, evidence on the uptake
of these tests in individuals with diabetes is mixed. We conducted a meta-analysis to quantify the association
between diabetes and participation in breast, cervical and colorectal cancer screening.

Methods MEDLINE, EMBASE and CINAHL were searched systematically for publications between 1 January 1997
and 18 July 2018. The search was supplemented by handsearching of reference lists of the included studies and
known literature reviews. Abstracts and full texts were assessed in duplicate according to the following eligibility
criteria: study conducted in the general population; diabetes included as a predictor vs a comparison group without
diabetes; and breast (mammography), cervical (Papanicolaou smear) or colorectal (faecal and endoscopic tests) cancer
screening uptake included as an outcome. Random-effects meta-analyses were performed using the most-adjusted
estimates for each cancer site.

Results Thirty-seven studies (25 cross-sectional, 12 cohorts) were included, with 27 studies on breast, 19 on cervical
and 18 on colorectal cancer screening. Having diabetes was associated with significantly lower likelihood of breast
(adjusted OR 0.83 [95% CI 0.77, 0.90]) and cervical (OR 0.76 [95% CI 0.71, 0.81]) cancer screening, relative to not
having diabetes. Colorectal cancer screening was comparable across groups with and without diabetes (OR 0.95
[95% CI1 0.86, 1.06]); however, women with diabetes were less likely to receive a colorectal cancer screening test
than women without diabetes (OR 0.86 [95% CI 0.77, 0.97]).

Conclusions/interpretation Our findings suggest that women with diabetes have suboptimal breast, cervical and colo-
rectal cancer screening rates, compared with women without diabetes, although the absolute differences might be
modest. Given the increased risk of cancer in this population, higher quality prospective evidence is necessary to
evaluate the contribution of diabetes to cancer screening disparities in relation to other patient-, provider- and
system-level factors.

Registration PROSPERO registration ID CRD42017073107.
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What is already known about this subject?

e |ndividuals with diabetes are at increased risk of developing and dying from cancer

e  Evidence-based guidelines recommend routine universal screening for breast, cervical and colorectal cancer

e  Current evidence reviews suggest possible cancer screening disparities in patients with chronic disease; however,
the uptake of cancer screening tests in individuals with diabetes is unclear

What is the key question?

o  Whatis the effect of diabetes on the uptake of recommended routine screening for breast, cervical and colorectal

cancer, compared with not having diabetes?

What are the new findings?

e  Women with diabetes were significantly less likely to receive breast and cervical cancer screening than women

without diabetes

e Women with diabetes were also less likely to be screened for colorectal cancer than women without diabetes, with

no such difference in men

e  Absolute differences might be modest and the included studies had high heterogeneity, low methodological

quality and showed a risk of publication bias

How might this impact on clinical practice in the foreseeable future?

e  Suboptimal cancer screening rates in women with diabetes may be putting them at risk of poorer cancer
outcomes. Higher quality prospective methods are needed to evaluate the contribution of diabetes to cancer
screening disparities; population-based and targeted approaches are needed for improving cancer screening
uptake and reducing the burden of diabetes management in this population

Introduction

Cancer is a leading cause of death worldwide, with rapidly
growing incidence and mortality rates [1]. Diabetes has been
associated with 30% higher incidence of certain cancers [2—4]
and 40% higher mortality after cancer diagnosis [5].
Individuals with diabetes are also more likely to be diagnosed
with advanced-stage tumours [6—8] and to experience greater
toxicity during treatment [9, 10], leading to more conservative
regimens [11, 12]. Beyond shared risk factors, such as socio-
economic status [13], lifestyle behaviours [14—17] and being
overweight or obese [18-20], diabetes is hypothesised to be
causally related to cancer through tumorigenic effects of insu-
lin resistance and hyperinsulinaemia [21-23].

Screening for breast, cervical and colorectal cancer has
been associated with up to 33% [24], 70% [25] and 37%
[26] reduction, respectively, in cancer-specific deaths. Breast
cancer screening detects early-stage tumours, which have a
better prognosis [24], while cervical and colorectal cancer
screening also detect pre-malignant lesions [25, 26].
Evidence-based guidelines recommend universal screening
with mammography for breast cancer, Papanicolaou (‘Pap’)
smear for cervical cancer, and faecal and endoscopic tests for
colorectal cancer [27-34]. Many jurisdictions have also

implemented organised programmes to deliver population-
wide screening [35—40].

The importance of cancer screening and early detection is
especially salient for individuals with diabetes. Previous stud-
ies have suggested that people with diabetes may experience
poorer preventive care due to the competing priorities of
chronic disease management [41-47], which place a substan-
tial burden on patients and their healthcare teams [42]. The
extent to which diabetes impacts the receipt of recommended
cancer screenings, however, is unclear. In this systematic re-
view and meta-analysis, we aimed to quantify the association
between diabetes and breast, cervical and colorectal cancer
screening participation.

Methods

Data sources We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [48, 49]
and the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) [50] guidelines (see electronic sup-
plementary material [ESM] Checklists 1 and 2), and used a
protocol to guide the review [51, 52] (PROSPERO:
CRD42017073107). We developed an electronic search
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strategy in consultation with a public health information spe-
cialist and searched MEDLINE (Ovid), EMBASE (Ovid) and
CINAHL (EBSCO) between 1 January 1997 and 18 July 2018
for English-language studies in adults (ESM Table 1). To en-
sure saturation, we reviewed reference lists of the included
studies and known literature reviews [53—55]. Duplicates were
removed using the Bramer algorithm, validated for use with
EndNote reference management software (Version X7,
Thompson Reuters, USA) [56].

Selection process and eligibility criteria Titles were screened by
one reviewer (DB). To verify the quality of the screening process,
the abstracts of a random sample of the excluded titles (5%) were
reviewed. Abstracts and full texts of the included articles were
assessed for eligibility in duplicate by two independent reviewers
(DB, WW). Inter-rater reliability was assessed using Cohen’s k
statistic, reflecting agreement beyond that attributable to chance
[57]. Disagreements were settled through discussion and involve-
ment of a third independent reviewer (IL). Study eligibility was
defined using the following PECO (population, exposure, com-
parison group, outcome) criteria: (1) study was conducted in the
general population; (2) study included diabetes as a predictor; (3)
study included a comparison group without diabetes and (4) study
reported breast, cervical or colorectal cancer screening uptake as
an outcome. We excluded studies conducted in special popula-
tions ineligible for routine screening, along with case reports or
series, commentaries, dissertations and conference abstracts.

Data abstraction and quality assessment Data were abstracted
by one reviewer (DB) and critical appraisal was performed in
duplicate by two independent reviewers (DB, WW).
Disagreements were resolved by discussion and involvement of
a third independent reviewer (IL). We used the Cochrane
Handbook for Systematic Reviews-recommended Newcastle—
Ottawa Scale (NOS) to evaluate the quality of observational
studies [57, 58], including the secondary analysis of one
randomised controlled trial (RCT) [59]. The NOS allocates up
to 9 points to studies according to three quality domains: selec-
tion of the study groups; comparability of the groups and ascer-
tainment of the outcome. A modified NOS was used for cross-
sectional studies [60]. The scoring of the ‘comparability” criterion
can be customised by specifying important covariates that studies
should control for. Controlling for age and personal or family
history of cancer was deemed to be particularly important due
to the influence of these factors on screening recommendations’
risk categories [27—-34]. Publication bias was assessed by visually
inspecting funnel plots [57].

Meta-analysis We performed random-effects meta-analyses to
obtain summary effects for breast, cervical and colorectal cancer
screening uptake. The random-effects approach assumes the ex-
istence of a distribution of distinct (yet related) exposure effects,
rather than a single true effect, and thus reports the average effect
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of the exposure on the outcome [57]. Studies that reported an
adjusted OR or prevalence ratio (PR) and a 95% CI for receipt
of a screening test in individuals with diabetes relative to those
without were combined using the DerSimonian—Laird inverse
variance method, which assigns weights to individual estimates
based on their precision level [57, 61]. Although PRs and ORs
indicate the same directionality of effect in cross-sectional studies
of non-rare outcomes, such as cancer screening, ORs may over-
estimate the strength of the association compared with PRs
[62—64]. Since only two studies (one on breast cancer screening
[65] and one on colorectal cancer screening [66]) reported PRs
and their exclusion in sensitivity analyses did not meaningfully
modify findings (data not shown), a decision was made to com-
bine ORs and PRs together. Only the most-adjusted estimates
were pooled to minimise confounding [67, 68]. If studies reported
the likelihood of not screening [65] or used diabetes as a reference
group [59], the reciprocal of the effect estimate was pooled in the
meta-analyses, as ORs are mathematically symmetrical [69]. If
studies reported multiple unique ORs, they were entered separate-
ly in the meta-analyses. In studies with overlapping groups of
participants, we chose the most representative estimate [65] or
calculated the weighted average [70].

Heterogeneity was assessed using the / statistic, describing
the results’ variability attributable to study heterogeneity, rather
than chance [57]. We explored heterogeneity through subgroup
analyses by study design, quality rating (high quality >6 points
on NOS) [58] and setting, provided at least three unique esti-
mates were available. Since most studies were conducted in the
USA, subgroup analyses by setting were dichotomised into USA
and non-USA studies. For studies on colorectal cancer screening,
we performed subgroup analyses by type of screening test and
sex of participants. Data were analysed using Cochrane Review
Manager (RevMan) software (version 5.3; Copenhagen,
Denmark).

Results

Cohen’s k statistic for all duplicate-screened sections was
0.78, reflecting excellent agreement between reviewers [57].

Characteristics of included studies Our search yielded 5200
unique records, of which 37 met the inclusion criteria (ESM
Fig. 1). Individual study characteristics are presented in Table 1
and aggregate study characteristics in Table 2 (additional detail in
ESM Table 2). Nine studies examined breast cancer screening
[65, 71-78], two examined cervical cancer screening [79, 80],
and eight examined colorectal cancer screening alone [59, 65,
66, 70, 81-85]; eight studies examined both breast and cervical
cancer screening [86-93], one examined breast and colorectal
cancer screening [94], and nine examined all three cancer screen-
ings [95-103]. All studies were observational, with 25 cross-
sectional [65, 70, 77-80, 82-85, 87-93, 95-100, 102, 103] and
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Table2  Aggregate characteristics of the included studies by cancer screening site

Study characteristic Breast cancer screening Cervical cancer screening Colorectal cancer screening
In meta-analysis ~ Not in meta- In meta-analysis ~ Not in meta- In meta-analysis ~ Not in meta-
(19 studies) analysis (8 studies) (12 studies) analysis (7 studies) (12 studies) analysis (6 studies)
Study design
Cross-sectional 10 (52.6) 7 (87.5) 10 (83.3) 7 (100) 9 (75) 5(83.3)
Cohort 9(47.4) 1(12.5) 2 (16.7) - 325 1(16.7)
Data sources
Self-report 10 (52.6) 7 (87.5) 10 (83.3) 7 (100) 9 (75) 5(83.3)
Admin. claims 6 (31.6) 1(12.5) - - 1(8.3) 1 (16.7)
Medical records 3(15.8) - 2(16.7) - 2(16.7) -
Screening interval
<1 year - 1(12.5) - - 1(8.3), all tests  —
1-3 years® 19 (100) 7(87.5) 12 (100) 6 (85.7) 8 (66.7), faccal 3 (50), faecal
3-5 years - - - - 3 (25), all tests 1 (16.7), all tests
5-10 years - - - - 10 (83.3), Endo 2 (33.3), Endo
Ever - - - 1(14.3) - 2 (33.3), Endo
Screening start age
18-24 years - - 5(41.7) 4 (57.1) - -
25-30 years — - 2 (16.7) - - -
40-45 years 7 (36.8) 5(62.5) 1(8.3) 1(14.3) - 1 (16.7)
50-55 years 9(47.4) 2 (25) 325 1(14.3) 10 (83.3) 4(66.7)
>65 years 3(15.8) - 1(8.3) - 2 (16.7) -
Not reported — 1(12.5) — 1(14.3) - 1(16.7)
Screening end age
64-69 years 4(21) 1(12.5) 8 (66.7) 2 (28.6) 1(8.3) 1 (16.7)
70-79 years 421 1(12.5) 1(8.3) 1(14.3) 4(33.3) —
No upper age limit 11 (57.9) 5(62.6) 3(25) 3(42.8) 7 (58.3) 4 (66.7)
Not reported - 1(12.5) - 1(14.3) - 1(16.7)
Screening programme
Organised 8 (42.1) 3(37.5) 2 (16.7) 2 (28.6) 1(8.3) 2 (33.3)
Opportunistic - 2 (25) 3(25) 2 (28.6) - 1(16.7)
Not reported 11 (57.9) 3(37.5) 7 (58.3) 3(42.8) 11 O91.7) 3(50)

Screening modality
(CRC only)°

Faecal test: FOBT or - - - - 12 (100) 5(83.3)
FIT
Endoscopy: FSor CP — - - - 11 (91.7) 5(83.3)
Endoscopy: other® - - — - 3 (25) 3 (50)
‘Women-only sample — - — - 3(25) 1(16.7)

(CRC only)

Data show no. of studies (% of column total)

#1-3 years for breast cancer screening; 2-3 years for cervical cancer screening; 1-2 years for colorectal cancer screening

® Screening modalities are not mutually exclusive across studies (i.e. a single study could report on multiple screening modalities)
¢ Other endoscopic tests include double-contrast barium enema, proctoscopy and computed tomographic (CT) colonography

CP, colonoscopy; CRC, colorectal cancer; Endo, endoscopy; FS, flexible sigmoidoscopy

12 cohort [59, 65, 71-76, 81, 86, 94, 101] designs, including one  from the USA [59, 66, 70-72, 78, 81-83, 85, 86, 89, 90,
RCT assessing the effect of diabetes on colorectal cancer screen- ~ 94-98, 101-103] and three from Canada [73, 75, 84]. The re-
ing completion independent of the intervention [59]. Over halfof =~ maining studies were from Europe [65, 76, 80, 88, 91-93, 99,
the studies were conducted in North America, with 21 studies 100], the Middle East [74, 77] and Asia [79, 87]. Sample sizes
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ranged from 129 to 732,687 individuals and the mean sample
diabetes prevalence was 15.1% for breast, 9.7% for cervical and
12.4% for colorectal cancer screening.

Assessment of methodological quality Methodological quality
varied across studies (ESM Table 3). Overall, only nine studies
[59, 65,7175, 81, 94] were rated as high quality (>6 points) and
all were cohort designs. Nearly all studies were conducted in
large population-based samples. Over half of the cross-sectional
studies did not justify their sample sizes [70, 77, 78, 83, 85,
87-90, 96-98, 100, 103], which poses a risk of underpowered
analyses. Most cross-sectional surveys also had low response
rates [80, 91, 96, 97] or did not report either the response rate
or the characteristics of non-respondents [66, 70, 78, 8385, 87,
89, 90, 92, 93, 95, 98-100, 102]. Three cohort studies did not
provide information on loss to follow-up [71, 86, 101], posing
the risk of attrition bias. Six cohort studies had overlapping or
ambiguous intervals over which diabetes and cancer screening
status were determined [71, 72, 74, 76, 86, 101], which raises
concerns around the exposure and outcome temporal order.
Thirty-six studies controlled for either age or personal or family
history of cancer [59, 65, 66, 70-89, 91-103] and 22 controlled
for both [19-28, 30, 31, 35, 39, 40, 43, 44, 48, 50, 52, 54, 55].

Funnel plots for each cancer site indicate possible small
study effects (ESM Figs. 2—4), suggesting that we cannot rule
out the risk of publication bias. Low-precision studies showed
lower screening participation in individuals with diabetes and
a larger screening uptake gap between the groups, while
higher-precision studies were closely and symmetrically dis-
tributed about the pooled effect size estimates.

Assessment of the exposure Diabetes status was self-reported in
26 studies [59, 66, 70, 72, 77-80, 82-85, 88-93, 95-100, 102,
103], of which 17 considered ever-diagnosis [66, 70, 72, 78, 80,
83, 85, 90, 92, 93, 9599, 102, 103], two considered current
diagnosis [88, 100] and seven did not provide a look-back period
[59, 77, 79, 82, 84, 89, 91]. The remaining studies defined dia-
betes up to 10 years before baseline using administrative data
[65, 71, 73, 75, 81, 94], medical charts [74, 86, 101], records of
prescription medications [76] and records of direct physical and
laboratory examinations performed at the time of survey admin-
istration [87]. Two self-reported [78, 88] and four administrative
data definitions [71, 73, 75, 94] were independently validated by
healthcare professionals against medical charts [71, 73, 75, 78,
94] and responses to other survey questions [88].

Breast cancer screening Breast cancer screening with a bilateral
mammogram was defined using self-report in 17 studies [77, 78,
87-93, 95-100, 102, 103], administrative claims in seven studies
[65, 71-73, 75, 76, 94] and medical records in three studies [74,
86, 101]. Most studies were conducted in age-eligible women
and defined screening as receiving a mammogram within 1—
3 years, which is consistent with clinical guidelines [27-30]
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(Table 2). To minimise inclusion of non-screening mammo-
grams, studies excluded women with a history of breast cancer
[65, 7175, 78, 88, 95, 101], any cancer [94, 97, 100], mastec-
tomy [71, 100, 101], recent abnormal mammogram [101] or
mammogram performed after a recent breast cancer diagnosis
[75]. Mammograms performed by invitation within organised
programmes were considered as screening tests [65, 76, 88].

The prevalence of breast cancer screening ranged from
9.3% to 78.1% in women with diabetes and from 5.8% to
84.9% in women without diabetes. Adjusted ORs for breast
cancer screening were reported by 19 studies [65, 71-75, 78,
8688, 92-98, 101, 103] (Fig. 1). The remaining studies only
reported the proportions of women screened in each group,
due to the descriptive focus of the studies [76, 89, 90, 99, 100,
102], non-significant bivariate associations between diabetes
and screening [91], or statistical model selection procedures
[77]. One descriptive study [100] and 12 of the 19 analytical
studies found that breast cancer screening participation was
significantly lower in women with diabetes [65, 71, 73-75,
87, 88, 92-94, 97, 98].

The pooled OR for breast cancer screening uptake in women
with diabetes relative to those without was 0.83 (95% CI 0.77,
0.90; 19 studies, 23 subgroups, /> = 97%) (Fig. 1). Heterogeneity
was partially explained by study designs and quality ratings;
however, the effect size estimate remained robust in subgroup
analyses across these factors (ESM Table 4). The likelihood of
breast cancer screening in women with diabetes relative to those
without was lower in studies conducted outside of the USA
compared with those conducted in the USA [71, 72, 78, 86,
94-98, 101, 103] (outside USA: 0.78 [95% CI 0.69, 0.88], 8
studies, 8 subgroups, P =99%; in USA: 0.89 [95% CI 0.84,
0.96], 11 studies, 15 subgroups, P = 54%).

Cervical cancer screening Cervical cancer screening was deter-
mined using self-report in 17 studies [79, 80, 87-93, 95-100,
102, 103] and medical records in two studies [86, 101].
Consistent with clinical guidelines [31-33], most studies consid-
ered age-eligible women and defined screening as receipt of a
Pap test within 2-3 years (Table 2). To approximate a screen-
eligible population, some studies excluded women with a history
of cervical cancer [88, 95, 101], any cancer [97, 100], hysterec-
tomy [88, 89, 100, 101], or a recent abnormal Pap test [101].

The prevalence of cervical cancer screening ranged from
29.5% to 84.9% in women with diabetes and from 46.9% to
86.4% in women without diabetes. Seven studies did not re-
port adjusted estimates due to the descriptive focus of the
studies [89, 90, 99, 100, 102] or non-significant bivariate as-
sociations between diabetes and screening [79, 91]. Lower
uptake of cervical cancer screening in women with diabetes
was observed in four descriptive [79, 90, 99, 100] and six
analytical studies [87, 92, 93, 97, 98, 103], while three de-
scriptive [89, 91, 102] and six analytical studies [80, 86, 88,
95, 96, 101] found non-significant differences.
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OR OR

Study or subgroup log[OR] SE Weight 1V, random, 95% CI IV, random, 95% Cl

Beckman et al (2001) [71] -0.3567  0.1517  3.3% 0.70[0.52, 0.94]

Blustein et al (1998) (ADL) [72] -0.0513  0.1206  4.1% 0.95[0.75, 1.20] /T

Blustein et al (1998) (no ADL) [72] 0.0583  0.2117  2.3% 1.06 [0.70, 1.61] -

Chan et al (2014) [73] -0.1508  0.0060 6.5% 0.86 [0.85, 0.87] "

Chuck et al (2017) [87] -0.3147  0.0916  4.8% 0.73[0.61, 0.87] -

Constantinou et al (2016) [88] -0.5978 02162 2.2% 0.55 [0.36, 0.84] -

Fleming et al (2011) [96] -0.4308  0.2606  1.7% 0.65[0.39, 1.08] T

Fontana et al (1997) [97] -0.6349  0.3077 1.3% 0.53[0.29, 0.97] -

Heflin et al (2002) [95] 0.0488  0.1387  3.6% 1.05[0.80, 1.38] -1

Hsia et al (2000) (age 50-64 years) [98] -0.0726  0.0832 5.1% 0.93[0.79, 1.09] -

Hsia et al (2000) (age 265 years) [98] -0.1625 0.0777 5.2% 0.85[0.73, 0.99] ™

Jensen et al (2015) [65] -0.0943  0.0348 6.2% 0.91[0.85, 0.97] -

Jimenez-Garcia et al (2009) [92] -0.1744  0.0786  5.2% 0.84[0.72, 0.98] -

Katz et al (2018) [74] -0.2877 0.0425 6.1% 0.75[0.69, 0.82] -

Kiefe et al (1998) (EOD) [86] -0.7550  0.5189  0.5% 0.47[0.17, 1.30]

Kiefe et al (1998) (no EOD) [86] -0.3425  0.1789  2.8% 0.71[0.50, 1.01] ]

Lipscombe et al (2005) [75] -0.3857 0.0076  6.5% 0.68 [0.67, 0.69] "

Liu et al (2014) [101] -0.1863  0.1488  3.4% 0.83[0.62, 1.11] - I

Martinez-Huedo et al (2012) [93] -0.2107  0.0893  4.9% 0.81[0.68, 0.96] -

McBean et al (2007) [94] -0.1863  0.0317  6.3% 0.83[0.78, 0.88] -

Sanderson et al (2014) (black women) [78] 0 0.0370 6.2% 1.00 [0.93, 1.08] T

Sanderson et al (2014) (white women) [78] -0.0513 0.0567  5.8% 0.95 [0.85, 1.06] -T

Zhao et al (2009) [103] -0.0408  0.0502 5.9% 0.96 [0.87, 1.06] -

Total (95% Cl) 100.0% 0.83[0.77, 0.90] ¢

Heterogeneity: 12 = 0.02; x? = 696.91, df = 22 (p < 0.00001); P = 97%
Test for overall effect: Z=4.61 (p < 0.00001)

0.5
Lower in diabetes

0.2
Higher in diabetes

Fig. 1 Forest plot depicting breast cancer screening (mammography) in women with vs without diabetes. ADL, activities of daily living (subgroups by
individuals with and without ADL limitations); EOD, end-organ damage (subgroups by individuals with and without EOD); IV, inverse variance

The pooled OR for cervical cancer screening uptake in
women with diabetes relative to those without was 0.76
(95% CI1 0.71, 0.81; 12 studies, 14 subgroups), with low het-
erogeneity (> = 0%) (Fig. 2). This finding was robust across
subgroup analyses by study design and setting (ESM Table 4).
Subgroup analyses by quality rating could not be performed,
as all studies on cervical cancer screening were rated as lower

quality.

Colorectal cancer screening Colorectal cancer screening was
determined using administrative data [81, 94] and medical

records in two studies each [59, 101], and was self-reported
in the remaining studies. Individuals were considered
screened if they received a faecal or an endoscopic test, with
faecal occult blood test (FOBT), flexible sigmoidoscopy and
colonoscopy being the most frequently used tests. As recom-
mended by clinical guidelines [34], screening intervals were
1-2 years for faecal tests [66, 70, 8385, 95, 96, 99—101, 103]
and 5-10 years for endoscopic tests [66, 70, 83—85, 96, 100,
101, 103], and target populations included adults over the age
of 50 (Table 2). To minimise inclusion of non-screening tests,
studies excluded individuals with a history of colorectal cancer

OR OR
Study or subgroup log[OR] SE Weight 1V, random, 95% ClI 1V, random, 95% ClI
Chuck et al (2017) [87] -0.3567  0.1324 6.5% 0.70[0.54, 0.91]
Constantinou et al (2016) [88] -0.3425  0.2441 1.9% 0.71[0.44, 1.15] I
Fleming et al (2011) [96] -0.4780  0.3704 0.8% 0.62[0.30, 1.28] - 1
Fontana et al (1997) [97] -0.4463 02527  1.8% 0.64 [0.39, 1.05] — 7
Heflin et al (2002) [95] -0.0619  0.1360 6.2% 0.94[0.72, 1.23] -
Hsia et al (2000) (age 50-64 years) [98] -0.3711 0.1542 4.8% 0.69 [0.51, 0.93] -
Hsia et al (2000) (age 265 years) [98] -0.2107  0.1282 7.0% 0.81[0.63, 1.04] /1
Jimenez-Garcia et al (2009) [92] -0.1985  0.1107 9.4% 0.82[0.66, 1.02] ]
Kiefe et al (1998) (EOD) [86] -0.6162  0.5605 0.4% 0.54[0.18, 1.62]
Kiefe et al (1998) (no EOD) [86] -0.3011  0.2000 2.9% 0.74[0.50, 1.10] I
Liu et al (2014) [101] -0.3711 0.2911 1.4% 0.69 [0.39, 1.22] - 1
Martinez-Huedo et al (2012) [93] -0.3011  0.1070  10.0% 0.74[0.60, 0.91] -
Richard et al (2015) [80] 0 0.1820 3.5% 1.00[0.70, 1.43] I
Zhao et al (2009) [103] -0.3147  0.0514  43.4% 0.73[0.66, 0.81] L
Total (95% Cl) 100.0% 0.76[0.71, 0.81] ¢
Heterogeneity: 2= 0.00; x2 = 8.21, df = 13 (p = 0.83); 2 = 0% t t t

Test for overall effect: Z=8.26 (p < 0.00001)

o+

0.5
Lower in diabetes

0.2

-

2
Higher in diabetes

Fig. 2 Forest plot depicting cervical cancer screening (Pap smear) in women with vs without diabetes. EOD, end-organ damage (subgroups by

individuals with and without EOD); IV, inverse variance
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[59, 66, 81-83, 95, 101], any cancer [94, 97, 100], inflammatory
bowel disease [59, 817, colonic polyps or gastrointestinal bleeding
[59], family history of colorectal cancer [59], hereditary
polyposis/non-polyposis syndrome [59], colonoscopy before the
age of 50 years [81], colectomy [81], colorectal cancer-related
surgery [100], or recent abnormal screening results [101].

The prevalence of colorectal cancer screening ranged from
8.1% to 66.4% in individuals with diabetes and from 5.7% to
61.7% in individuals without diabetes. Twelve of the 18 studies
reported adjusted ORs or PRs [59, 66, 70, 83, 84, 94-98, 101,
103]. The remaining studies had a descriptive focus [85, 99, 100,
102] or reported effect measures that could not be pooled with
ORs [81, 82]. All four descriptive studies found that colorectal
cancer screening was comparable between individuals with and
without diabetes [85, 99, 100, 102]. The results of the analytical
studies were mixed, with three studies showing significantly
greater likelihood of screening in diabetes [70, 83, 103], five
studies showing significantly lower likelihood of screening in
those with diabetes [59, 81, 94, 97, 98] and six studies finding
no significant difference [66, 82, 84, 95, 96, 101].

The pooled OR for colorectal cancer screening uptake in indi-
viduals with vs without diabetes was 0.95 (95% CI 0.86, 1.06; 12
studies, 16 subgroups, I =90%) (Fig. 3). Heterogeneity was
partially explained by differences in study design, participant
sex and screening modalities (ESM Table 4). Cohort studies
showed lower likelihood of screening in diabetes (0.77 [95% CI
0.70, 0.86], = 0%), though this represented only four subgroups
from three studies [59,94,101]. Women with diabetes were less
likely to be screened compared with women without diabetes
(0.86 [95% CI 0.77, 0.97]; 7 studies, 8 subgroups, P = 85%),
while among men, no such association was observed. The anal-
ysis was robust across screening modality subgroups (FOBT vs
flexible sigmoidoscopy or colonoscopy). We could not perform
subgroup analyses by quality rating or study setting, as only two

studies were rated to be of high quality [59, 94] and only one was
conducted outside the USA [84]. Excluding each of these studies
in sensitivity analyses did not meaningfully influence the results
(ESM Table 4).

Discussion

Principal findings This systematic review and meta-analysis of
37 studies suggested that women with diabetes are significantly
less likely to undergo recommended breast, cervical and colorec-
tal cancer screening than women without diabetes, though the
absolute differences might be modest. The findings were particu-
larly robust for cervical cancer screening, with low heterogeneity
across studies. Suboptimal cancer screening rates in women with
diabetes may be putting them at risk of poorer cancer outcomes.

Strengths and limitations in relation to other studies To our
knowledge, this is the first systematic review and meta-
analysis of the effect of diabetes on cancer screening partici-
pation. Three literature reviews on cancer screening participa-
tion in adults with chronic comorbidities have been conducted
to date, with mixed findings. A narrative review concluded
that diabetes may negatively impact cancer screening uptake
in elderly individuals [53], although the findings were based
on only five studies conducted in the USA [71, 72, 86, 94, 95].
Another systematic review of seven studies found that chronic
disease may be associated with increased likelihood of colo-
rectal cancer screening, without specific inferences about dia-
betes [54]. Neither review performed a meta-analysis. A meta-
analysis of 22 studies showed inconclusive evidence regard-
ing the impact of composite comorbidity measures on breast
and cervical cancer screening participation [55].

OR OR
Study or subgroup log[OR] SE Weight IV, random, 95% CI 1V, random, 95% ClI
Fleming et al (2011) [96] 0.2927 0.2263 3.4% 1.34[0.86, 2.09] ]
Fontana et al (1997) (Men) [97] -0.6162 0.3537 1.8% 0.54[0.27, 1.08]
Fontana et al (1997) (Women) [97] -0.6162 0.2670 2.7% 0.54[0.32, 0.91]
Greiner et al (2014) [59] -0.5621  0.2345 3.2% 0.57 [0.36, 0.90]
Heflin et al (2002) [95] -0.1054 0.1068 6.5% 0.90[0.73, 1.11] -1
Hsia et al (2000) (age 50-64 years) [98] -0.1863  0.0655 7.8% 0.83[0.73, 0.94] -
Hsia et al (2000) (age 265 years) [98] -0.1508  0.0631 7.8% 0.86 [0.76, 0.97] -
Liu et al (2014) (Men) [101] -0.2614  0.1717 4.6% 0.77 [0.55, 1.08] B
Liu et al (2014) (Women) [101] -0.2614  0.1625 4.8% 0.77 [0.56, 1.06] e
McBean et al (2007) [94] -0.2357  0.0617 7.9% 0.79[0.70, 0.89] -
Miller et al (2014) (Men) [66] -0.0202  0.0322 8.5% 0.98[0.92, 1.04] =l
Miller et al (2014) (Women) [66] 0.0488 0.0300 8.6% 1.05[0.99, 1.11] ™
Oluyemi et al (2014) [70] 0.1989 0.0346 8.5% 1.22[1.14,1.31] -
Porter et al (2016) [83] 0.5306 0.0707 7.6% 1.70[1.48, 1.95] -
Singh et al (2015) [84] -0.0943  0.0469 8.2% 0.91[0.83, 1.00] ™
Zhao et al (2009) [103] 0.1310 0.0468 8.2% 1.14[1.04, 1.25] -
Total (95% Cl) 100.0% 0.95 [0.86, 1.06] q

Heterogeneity: 2= 0.03; x2 = 150.71, df = 15 (p = 0.00001); £ = 90%
Test for overall effect: Z=0.93 (p = 0.35)

15 2
Higher in diabetes

05 07 1
Lower in diabetes

Fig. 3 Forest plot depicting colorectal cancer screening (faecal and endoscopic tests) in individuals with vs without diabetes. IV, inverse variance
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The strengths of our study include quantifying the specific
effects of diabetes on all three recommended cancer screen-
ings and a rigorous review process. Compared with prior re-
search, our review resulted in a larger pool of eligible studies
for each cancer site.

Our findings should be interpreted in light of a number of
important limitations. First, most studies had low methodolog-
ical quality ratings and the extent to which non-response bias
and lack of power in cross-sectional studies and loss to follow-
up in cohort studies may have affected our results is unclear. In
addition, 25 of the 37 studies were cross-sectional, while an-
other six studies had overlapping or unclear intervals in which
the exposure and the outcome status were defined [71, 72, 74,
76, 86, 101]. Many studies were therefore unable to determine
whether the diabetes diagnosis preceded cancer screening par-
ticipation, limiting our ability to infer causality. Nonetheless,
since lifetime (‘ever’) diabetes diagnosis was considered in
over half of these studies [66, 70, 72, 78, 80, 83, 85, 90, 92,
93, 95-99, 102, 103] while screening was established over
intervals of under 10 years, instances of reversed exposure—
outcome temporal sequences are likely to be few. Further,
diabetes and outcome status were self-reported in most stud-
ies. While self-reported diabetes status has been shown to
have high accuracy [104—108], cancer screening participation
tends to be overestimated [109—111]. The true cancer screen-
ing participation gap in diabetes may thus be greater than that
found.

Second, despite our efforts to only pool the most-adjusted
effect estimates, meta-analyses of observational studies are partic-
ularly vulnerable to residual confounding [67, 68]. Unexamined
factors known to be associated with both diabetes status and
cancer screening participation, such as socioeconomic status
[112, 113], may thus underlie our findings. Interestingly, a
Canadian study showed that diabetes was associated with lower
mammographic breast cancer screening participation across all
socioeconomic strata [73], suggesting that diabetes and socioeco-
nomic status are distinct and independent barriers. The evidence
on other possible confounding factors, including other comorbid-
ities [55, 101], patient health and functional status [72], and pa-
tient preferences [114], is less clear. This residual confounding
may also explain the high statistical heterogeneity that was ob-
served in breast and colorectal cancer screening meta-analyses. In
subgroup analyses, the heterogeneity was only partially accounted
for by study designs, study quality ratings, healthcare systems
(USA vs non-USA; breast cancer screening only), sex of partici-
pants (colorectal cancer screening only), and screening modalities
(FOBT vs flexible sigmoidoscopy or colonoscopy; colorectal
cancer screening only).

Third, we could not confidently rule out publication bias in
our review. This is worth noting because, to gage between-
study variance, random-effects meta-analyses award relatively
more weight to smaller studies than fixed effects meta-
analyses [57], thus potentially biasing the result away from

the null, should publication bias be present. However, in
meta-analyses of observational studies, funnel plot asymmetry
may also be attributed to residual confounding, methodologi-
cal limitations and statistical heterogeneity, rather than publi-
cation bias alone [115].

Fourth, measures representing relative reductions in the
likelihood of adequate screening, such as ORs, should be
interpreted with caution, as absolute differences are likely to
be more modest. While it is not possible to directly convert
adjusted relative estimates into absolute ones [42], it is impor-
tant to consider that diabetes may not be the most important,
and thus actionable, determinant of cancer screening partici-
pation, compared with other characteristics of individuals.

Finally, it should be noted that our search was limited to
studies written in English. However, according to a prior com-
prehensive review by evidence synthesis experts, the use of
language restrictions is unlikely to result in systematic biases
that could alter the interpretation of results [116].

Implications of findings and future directions The burden of
diabetes management in primary care may contribute to lower
cancer screening uptake among individuals with diabetes. It
has been shown that as the number of guideline-recommended
preventive services for which a person is eligible increases,
the likelihood of their utilisation decreases [117]. Providing
guideline-adherent chronic disease care also requires more
consultation time than physicians have available per patient
[43, 118-120], which may lead to prioritisation of diabetes-
related care over routine preventive care [41, 119, 120]. This is
especially relevant for cervical cancer screening, as Pap tests
are performed during office-based primary care visits, while
breast and colorectal cancer screenings are performed outside
of this setting. All tests nonetheless require physician orders,
which may explain the modest reductions in both breast and
colorectal cancer screening we found in women with diabetes.

Regional differences may also underlie our findings. We
noted that the gap in breast cancer screening between women
with and without diabetes was more pronounced in studies
conducted outside the USA, including Canada [73, 75],
France [88], Spain [92, 93], Denmark [65], Israel [74] and
South Korea [87]. In contrast to the USA, all of these jurisdic-
tions have universal healthcare systems and thus, more equi-
table access to preventive care. Since regular healthcare con-
tact and health insurance status have shown to be independent
predictors of cancer screening in the USA [98, 121], it is
possible that individuals with diabetes receive more opportu-
nistic screening than those without diabetes in non-universal
healthcare settings due to increased healthcare contact. This
may also explain our null findings for colorectal cancer
screening, as all but one [84] of those studies were set in the
USA. Sex-based differences in colorectal cancer screening
participation in the present review are consistent with overall
screening patterns in the USA, as women are less likely to
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undergo screening regardless of diabetes status [122].
Interestingly, research in other jurisdictions suggests the op-
posite trend, with women having higher colorectal cancer
screening participation rates than men [123]. Our findings
suggest that diabetes status may modify this trend in universal
settings; however, more primary evidence in such settings is
required. Other contextual factors, such as the overall popula-
tion screening uptake rate and the presence of an organised
screening programme, should also be examined.

Novel screening approaches may increase cancer screening
uptake in groups presenting high healthcare burden and com-
peting demands. The use of mail- and telephone-based invita-
tions has been shown to improve first and repeat screening for
all three cancers [124, 125]. Direct mailing of self-screening
kits, such as the faccal immunochemical test (FIT) for colo-
rectal cancer [40, 126, 127] and human papilloma virus (HPV)
test for cervical cancer [128—-130], is associated with even
greater screening uptake, particularly in under-screened pop-
ulations [126—128, 131]. Emphasising colorectal cancer
screening in women may be particularly important, as some
women perceive colorectal cancer to mainly affect men [132,
133].

Beyond population-based interventions, targeted ap-
proaches may be particularly beneficial in individuals with
diabetes. Shared-care between primary care physicians and
diabetes specialists has been associated with better adherence
to diabetes-related health services and higher likelihood of
receiving breast and cervical cancer screening when compared
with care by either practitioner alone [134]. Integrated diabe-
tes management models may therefore improve attention to
other recommended preventive health services by offloading
diabetes care from primary care physicians. Supporting diabe-
tes self-management may also yield better screening partici-
pation. Recent evaluations of patient navigator interventions
in primary care have been associated with improved
glycaemic control and appointment-keeping in patients with
diabetes [135], as well as greater likelihood of colonoscopy
attendance in the general population [136].

Conclusion

This systematic review and meta-analysis suggests that wom-
en with diabetes are significantly less likely to receive recom-
mended breast, cervical and colorectal cancer screening than
women without diabetes. Caution is warranted in interpreting
these findings due to high study heterogeneity, low methodo-
logical quality of included studies, and risk of publication
bias. Given the increased risk of cancer in this population,
future studies should consider using higher quality prospec-
tive methods to evaluate the contribution of diabetes status to
cancer screening disparities in relation to other patient-,
provider- and system-level factors.
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