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Abstract

Although metabolic syndrome (MetS) is a prognostic factor for cancer occurrence, the association
of MetS and cancer mortality remains unclear. The purpose of this study was to evaluate whether
MetS, components of MetS and C-reactive protein (CRP) are associated with cancer mortality in
women.

A total of 400 cancer deaths, with 140 deaths from obesity-linked-cancers (OLCas), [breast (BCa),
colorectal, pancreatic and endometrial], linked through the National Death Index, were identified
from 10,104 eligible subjects aged =18 years. Cox proportional hazards regression was used to
estimate multivariable-adjusted hazard ratios (HR) for cancer mortality.

MetS was associated with increased deaths for total-cancer [HR=1.33, 95% confidence interval
(CI) 1.04-1.70] and BCa [HR=2.1, 95% ClI, 1.09-4.11]. The risk of total-cancer [HR=1.7, 95% ClI,
1.12-2.68], OLCas [HR=2.1, 95% ClI, 1.00-4.37] and BCa [HR=3.8, 95% ClI, 1.34-10.91]
mortality was highest for women with all MetS components abnormal, compared to those without
MetS. Linear associations of blood-pressure [HR=2.5, 1.02-6.12, Quartile (Q) 4 vs Q1, p-
trend=0.004] and blood-glucose [HR=2.2, 1.04-4.60, Q4 vs Q1, p-frend=0.04] with total-OLCas
mortality were observed. A three-fold increased risk of BCa mortality was observed for women
with enlarged waist circumference, =100.9cm, [HR=3.5, 1.14-10.51, p-trend=0.008] and in those
with increased blood glucose, >101mg/dL, [HR=3.2, 1.11-9.20, p-trend=0.03] compared to those
in Q1. None of the components of MetS were associated with total-cancer mortality. CRP was not
associated with cancer mortality.

In conclusion, MetS is associated with total-cancer and breast-cancer mortality, with waist
circumference, blood pressure and blood glucose as independent predictors of OLCas and BCa
mortality.
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IN 46202, Phone: 317-274-1569, ggathiru@iu.edu.
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Introduction

In 2017, it is estimated that 852,630 new cases and 282,500 cancer deaths will occur! among
women in the U.S. Obesity-linked cancers, breast? 3, colorectal® , pancreatic® 7 and
endometrial® cancers, account for 45% of all new cancer cases and 33% of all cancer deaths
among women in the United States.? In the U.S., more than one third (37%) of adult women
are obese and 30% overweight.? It is estimated that 50% of women in the U.S will be obese
by the year 2020 and 58% by 2030.10

Obesity is the major determinant of metabolic syndromell: 12 and approximately 25% of the
U.S. population has metabolic syndrome.13: 14 According to the National Cholesterol
Education Program (NCEP) Adult Treatment Panel I11 (ATP 111), metabolic syndrome
(MetS) for women is defined as a cluster of at least three of the following five factors: high-
density lipoprotein (HDL) cholesterol (<50 mg/dL), triglycerides (>150 mg/dL), systolic
blood pressure (>130 mm Hg), blood glucose (>100 mg/dL) and waist circumference (>88
cm).12:15 The prognostic use of MetS has been demonstrated in obesity linked cancers.
However, few studies have examined MetS or the components in relation to total cancer,
breast16: 17 and colon18: 19 cancer mortality in women. Furthermore, MetS has been shown
to be highly correlated with CRP 20, which has previously been suggested as a component of
the MetS. 21 While the joint effect of MetS and CRP may offer new insights into the link
between obesity and cancer, to our knowledge this has not been assessed. The association
between MetS, its individual components and CRP with cancer mortality in women remains
unclear.

The purpose of this study was to evaluate the possible interrelationships between metabolic
syndrome, C-reactive protein and cancer mortality (total, obesity-linked and breast) among
women in the Third National Health and Nutrition Examination Survey (NHANES I11), a
nationally representative population. Since CRP has previously been suggested as a
component of the MetS,21 we also explored the joint effect of MetS and CRP on the risk of
cancer mortality. Our findings will provide insights to health care providers about the risk
for mortality among those diagnosed with MetS and underscore the need for interventions to
treat and prevent MetS.

Materials and Methods

Sample Design

This study is based on data collected from the NHANES 111 (1988-1994). NHANES 111 was
conducted by the U.S. National Center for Health Statistics (NCHS) of the Centers for
Disease Control and Prevention (CDC). The survey design and methodology of the
NHANES I11 have previously been described in detail elsewhere.?? In brief, in the NHANES
111, subjects were recruited from the civilian, noninstitutionalized U.S. population using a
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stratified and multistage probability sampling strategy. Those who had a low income, were
older (=60 years of age), or were members of minority groups (African or Mexican
Americans) were oversampled. The NCHS Institutional Review Board approved the survey
protocols, and informed consent was obtained from all subjects. The present study was not
reviewed by the Institutional Review Board of Indiana University as the data analyzed were
de-identified and publicly accessible.

Study population

This study focused on 10,425 women aged 18 years or older who participated in NHANES
I11 and were followed over 17 years. A total of 322 pregnant women were excluded because
of increased waist circumference and potential metabolic changes during pregnancy. Given
the objective of the present study, participants who died from a cancer diagnosed at baseline
(i.e. date of health examination) were excluded from analysis (n=89). These exclusions led
to 10,014 participants in the cohort. A total of 400 cases of cancer deaths were documented
from, the 10,014 participants during a follow-up of 132,557 person-years. The follow-up
period for each of the subjects was calculated as the time from the date of health
examination to the occurrence of cancer death or the censor date (December 31, 2006),
whichever occurred first. The anatomic sites of cancer for the 400 cases included total-
obesity-linked cancers (n=118): breast (n=55), colorectal (n=33) pancreas (n=18), and
endometrial (n=12). Of the 10,014 participants, 7,770 had data on all five components of
metabolic syndrome, including 293 total cancer deaths, 83 total-obesity-linked cancer deaths
and 41 breast cancer deaths.

Data Collection

Mortality data for each of the participants was ascertained by probabilistic match between
NHANES 111 database and the death certificate records of the U.S. National Death Index.?2
Obesity-linked cancer mortality included deaths from endometrial, pancreatic, breast and
colorectal cancer mortality as defined by the 10tht revision of the International
Classification of Diseases.?3

Standardized household interviews followed by extensive physical and health examinations
were conducted at mobile examination centers (MEC). During the home interview, data on
demographic, socioeconomic, anthropometric characteristics, medical conditions, and
medications used were collected. The NHANES 11 included components of metabolic
syndrome (i.e. blood pressure, blood glucose, waist circumference, triglycerides, and HDL-
cholesterol) which were measured during the physical examination. Systolic blood pressure
(mmHg) was measured using a mercury sphygmomanometer while subjects were in a seated
position. Three measurements were taken and then averaged for each subject to minimize
measurement error.24 Fasting blood samples were drawn by a trained phlebotomist. Serum
concentrations of HDL-cholesterol and triglycerides were measured enzymatically with
Hitachi 704 Analyzer, while serum levels of glucose were determined using the glucose
hexokinase method with Hitachi 737 Analyzer.24 Waist circumference was determined at the
iliac crest after a normal exhalation of breath.24 High sensitivity CRP concentration was
quantified using latex-enhanced nephelometry, and reported in mg/dL to the nearest
hundredth (0.01).24
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Statistical Analysis

Results

Descriptive statistics showing the characteristics of study participants by severity of
metabolic syndrome were performed. The Pearson chi-square tests and ANOVA tests were
performed to compare the frequencies and distributions of covariates and exposures of
interest (components of MetS and C-reactive protein). Cox proportional hazards regression
was used to estimate the hazard ratios (HR) and 95% confidence intervals (CI) for total
cancer mortality and obesity-linked cancers mortality in relation to each of individual MetS
components and the composite score. Site-specific associations of MetS, its individual
components and breast cancer were also assessed. There were too few colorectal, pancreatic,
and endometrial cancer deaths to conduct site-specific analysis. For the individual
components of MetS, the HRs and 95% Cls were calculated with subjects in the lowest
quartile used as the reference group. Tests for linear trends across quartiles were performed
by including in the models an ordinal variable with the median value of each quartile. A
composite score of the MetS was created; for each individual component, a score of 0 was
assigned if the level of each component was within normal range and a score of 1 was
assigned if the component was abnormal. Using the National Cholesterol Education
Program (NCEP) Adult Treatment Panel I11 (ATP I11) cutoffs, a score of 0 was assigned for
waist circumference <88cm, systolic blood pressure <130mg/dL, blood glucose <100
mg/dL, triglycerides <150mg/dL and HDL-cholesterol >50mg/dL.12 15 The composite score
therefore ranged from 0 to 5, with 0 indicating no abnormal MetS components and 1 to 5
representing the presence of 1 to 5 abnormal components, respectively. Based on the
diagnostic criteria of metabolic syndrome, subjects with the composite score of 2 or less
were classified as not having this metabolic disorder.

The potential confounders adjusted for in the model were largely based on their relevance to
MetS and cancer risk.14 The variables were adjusted as confounders in the regression models
if they altered parameter estimates for the primary exposure variables of interest by >10% or
had a p-value (<0.25) for their regression coefficients.2> The multivariable models were
adjusted for age (years), race (non-Hispanic White, non-Hispanic Black, and other race),
education (less than high school, high school, college/graduate education), physical activity
(active, not active), cigarette smoking (never, former, and current), alcohol intake (yes, no),
and use of insulin (or diabetes), hypertension controlling medication and cholesterol-
lowering medications (yes or no for each of the medications).

To assess the joint effect of CRP on the association of MetS and cancer mortality, we
defined four risk levels based on the presence or absence of MetS or CRP cutoff levels, the
clinical significance level for CRP was defined as =1.00 mg/dL.26-28 The 4 risk levels were:
1) No MetS and CRP<1.00 mg/dL (reference group); 2) No MetS and CRP >1.00 mg/dL; 3)
MetS and CRP <1.00 mg/dL and 4) MetS and CRP =1.00 mg/dL. P-values of <0.05 were
considered statistically significant and all statistical analyses were conducted using SAS
(version 9.3).

A third of all women in this study had MetS, (30.5%, n= 2,369). A summary of the
distributions of demographic factors and components of MetS by severity of MetS in the
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study population are shown in Table 1. Women with all 5 abnormal components were most
likely to be non-Hispanic white and older, with a mean age 65.4 (13) when compared to
those without MetS (mean age 41.7 (£18). Additionally, women with all 5 components had
higher smoking rates (22% vs 15%) and lower education levels compared to those without
MetS. A third (32.0%) of women with no MetS had a college education or greater compared
to 16% of women with most severe MetS (all 5 components of MetS abnormal). As
expected, waist circumference, systolic blood pressure, and serum concentrations of
triglycerides, glucose and CRP increased but serum concentrations of HDL-cholesterol
decreased, with an increasing number of abnormal metabolic syndrome components.

Results for the association of individual components of MetS with cancer mortality in
women are presented in Table 2. All components of MetS except triglycerides and HDL-
cholesterol were associated with obesity-linked and breast cancer mortality but not with total
cancer mortality. Women with waist circumferences greater than 100.9 cm (Quartile 4) had a
three-fold increased hazard for breast cancer mortality (HR=3.5; 95% CI, 1.14-10.51, p-
trend=0.008) when compared to those with less than 79.1cm (Quartile 1). Additionally,
having an increased systolic blood pressure (=136 mg/dL) was associated with greater than
two-fold increased hazard for obesity-linked cancers (HR 2.5, p-trend=0.004) when
compared to those in the lowest quartile. Increase in blood glucose was associated with an
increase in risk of obesity-linked cancers (HR 2.2, p-trend=0.04) and breast cancer mortality
(HR=3.2, p-trend=0.03). An elevated CRP (>1.0 mg/dL) was not associated with risk of total
cancer mortality, obesity-linked cancers mortality as well as site-specific breast cancer
mortality.

Table 3 shows the hazard ratios of cancer mortality in relation to metabolic syndrome and
severity of MetS. Adjusting for age, race/ethnicity, education, physical activity, cigarette
smoking status, alcohol intake and medications (insulin, hypertension and cholesterol)
having MetS was associated with total cancer mortality (HR=1.3; 95% CI 1.04-1.71) and
breast cancer mortality (HR=2.1; 95% CI 1.09-4.11) but not with obesity-linked-cancers
mortality (HR=1.1; 95% CI 0.70-1.81). However, when hazard of mortality was assessed for
each of the 3 high risk levels of MetS, women with 5 abnormal components had increased
hazard for total cancer mortality (HR=1.7; 95% CI 1.12-2.68) and borderline significance of
obesity-linked cancers mortality (HR=2.1; 95% C.I. 1.00-4.37) as compared to women with
no MetS. Of note, women with the most severe MetS had greater than three-fold increased
hazard for breast cancer mortality (HR=3.8; 95% CI 1.34-10.91) compared to those without
MetS.

The second research question explored the relationship of cancer mortality and the joint
effect of MetS and CRP. As shown in Table 4, women with a CRP of >1.00 mg/dL and MetS
had an increased risk for total cancer mortality (HR=1.8; 95% C.I. 1.18-2.61) and breast
cancer mortality (HR=3.5; 95% C.I. 1.42-8.63) when compared to women with no MetS and
CRP <1.00 mg/dL. In contrast, the hazard for obesity-linked cancer mortality among women
with a CRP of =1.00 mg/dL and MetS was not significant. Moreover, a non-significant
increased hazard for total and breast cancer mortality was observed for women with a CRP
<1.00mg/dL and MetS compared to with no MetS and CRP <1.00 mg/dL.
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Discussion

This study examining metabolic syndrome and C-reactive protein (CRP) suggests that the
severity of MetS is associated with an increased risk of total cancer mortality, obesity-linked
cancers mortality and breast cancer mortality. All individual components of MetS, except
triglycerides and HDL-cholesterol, were significantly associated with risk of mortality from
obesity-linked cancers and breast cancer. The risk for total cancer mortality and breast
cancer mortality increased with an increasing number of abnormal metabolic syndrome
components. CRP was not significantly associated with increased risk for total, obesity-
linked cancers, or breast cancer mortality. Assessing the joint effect of MetS and CRP on the
risk of cancer mortality yielded similar results as those for MetS and cancer mortality.

Few epidemiologic studies have evaluated the influence of MetS and its components on the
mortality of total cancer and site-specific cancers in women. In our study, having the MetS
was associated with total cancer mortality in women. However, Lee et al., assessed total (all
sites) cancer mortality in women and did not find an association with MetS and risk of
cancer mortality when compared to women with no MetS.29 Regarding the individual
components, in our study none of the components were associated with total cancer
mortality. This is similar to Lee’s study which found no association between cancer
mortality and any components except for blood pressure (HR=1.70; 95% CI, 1.07-2.69),2° a
result confirmed in another study.3? The conflicting results may be in part because the
cancers summed up may vary across the studies. Therefore, using total cancer mortality as
an outcome may attenuate the true relationship of MetS and cancer mortality in part because
it includes lung cancer which has not been linked to MetS3! and because of the differences
in risk factors associated with each cancer site. To address this limitation, we assessed the
relationship of MetS with mortality from cancers that have strongly been linked to obesity.
Although MetS was not associated with total-obesity-linked cancers mortality, those with all
5 components abnormal were at an increased risk of total-obesity-linked cancers mortality
compared to those with no MetS. The most important components that elevated risk of total-
obesity-linked cancers were blood pressure and blood glucose. This provides useful
information that may have been confounded when risk was assessed using total cancer
mortality and underscores the need to assess risk for site-specific cancers.

Several studies have shown that obesity is associated with increased risk of breast cancer
mortality.32-35 However, only a few studies have assessed MetS and risk of breast cancer
mortality in women.16: 17 Previous studies have shown that women with MetS had an
increased risk of breast cancer compared to those who did not.16: 36 This is similar to our
study where we revealed that in addition to increased risk, breast cancer mortality increased
with an increasing number of metabolic syndrome components, suggesting a synergistic
effect of these risk factors. Regarding specific components, we found waist circumference
and blood glucose to be the only significant predictors of breast cancer mortality. In previous
studies, the components of MetS have also been associated with breast cancer mortality, but
the results are inconsistent for some components. We found elevated blood glucose
increased breast cancer mortality, these results are supported by two other cohort

studies!® 17 but contradicted in another study.3¢ This study and others did not show an
association of triglycerides and HDL-cholesterol with breast cancer mortality.16: 17. 36 While
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our study used waist circumference as a measure of central obesity other studies used BMI
or weight.16. 17, 36 Regardless of the measure, BMI or waist circumference, the results are

consistent that central obesity is associated with increased risk of breast cancer mortality.
16,17, 36

Elevated levels of high sensitivity CRP are associated with all the features of the MetS.20
Regardless of diverse definitions used for the MetS in different studies, there is an emerging
consensus that CRP levels are also associated with the presence of MetS itself as an entity.?!
We are not aware of any studies that have looked at the joint effect of CRP and MetS with
cancer mortality. In our study, CRP was not associated with risk of total cancer mortality and
this finding is similar to that of other studies.3”- 38 Similarly, women with an elevated CRP
were not found to have a greater risk of breast cancer death in our study and in other studies
as well.37: 39 The joint effect of CRP and MetS on cancer mortality has not been explored
previously. Our results indicate that assessing MetS together with CRP showed a marked
difference in risk estimates from using MetS alone. The HR estimates increased when MetS
and CRP were jointly assessed for total cancer mortality (HR=1.8 95% CI 1.18-2.61 vs. HR
1.3; 95% CI 1.04-1.71) and breast cancer mortality (HR=3.5 95% CI 1.42-8.63 vs. HR 2.1
95% CI 1.09-4.11) compared to when MetS were assessed alone. Though not significant, the
HR for obesity-related cancer mortality increased as well. CRP was correlated with all the
components of MetS in our study and elsewhere.20 The increased HR estimates indicate that
it may be important to assess MetS jointly with CRP, since having MetS and an elevated
level of CRP (=1.00mg/dL) was found to be associated with increased risk of cancer
mortality higher than the risk of MetS alone. Further studies are needed to confirm these
findings.

There are some potential biological mechanisms by which MetS modulates cancer risk. The
link between obesity and cancer is believed to be related to endogenous estrogen, insulin
resistance and inflammation.*%: 41 Visceral obesity has been shown to be associated with
insulin resistance and elevated insulin-like growth factor 1 (IGF-1).42: 43 Adipose tissue is an
important source of estrogen®* and estrogen induces proliferation of endometrial and breast
(post-menopausal) cancer cells.#> 46 Considering that insulin, IGF-1, and estrogen have
been identified as risk factors for obesity-linked cancers, perhaps it could be that obesity
promotes cancer cell proliferation at least in part through obesity-initiated metabolic
syndrome. Inflammatory responses are characterized by an increase of cytokines and
markers of active inflammation (C-reactive protein and fibrinogen). The acute-phase C-
reactive protein (CRP) is an inflammatory cell compound that has been associated with
diabetes mellitus.” There is growing evidence that CRP is associated with risk of cancer,
especially obesity-linked cancers,*8-50 however, it is not known if CRP by itself is a risk
factor, or if it is due to the link between CRP and obesity or MetS.

A key strength in our study is that the data were based on a national representative sample of
the U.S. population; therefore, the results can be generalized to the US population. This
study included a large number of women which allowed the testing and adjusting of
potential confounders appropriately for the associations of interest. Recall bias was
minimized in the study; all five anthropometric, physiological, and biochemical components
of MetS were objectively measured with validated assessment tools or experimental
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methods. More importantly, MetS as a whole, its individual components, and their
combinations were evaluated in relation to the risk of total, obesity-linked and breast cancer
mortality in our study. Unlike previous studies which have focused on total cancer mortality,
we also assessed the relationship of MetS and CRP with cancers that have been linked to
obesity as a risk factor. There is strong evidence that breast, colorectal, pancreatic and
endometrial cancers are associated with obesity.

Some limitations exist in the present study. The components of MetS were measured only
once, and therefore the effect of changes in these risk factors over time on obesity-linked
cancer mortality could not be evaluated. While the study includes a large number of women
overall, the smaller number of deaths from colorectal, pancreatic, and endometrial cancers
limited the ability to assess these site-specific relationships of CRP, MetS and its
components. As in other observational studies, it is possible that residual confounding due to
unmeasured confounders might have somewhat distorted the results obtained. It was not
practical to control for all possible risk factors, such as dietary factors and menopausal
status. Due to the sample limitations, including all factors into the multivariate model would
result in overfitting. Also, although menopausal status is an important factor in breast cancer,
44 a large number of women did not complete this question at baseline and we do not have
follow-up data on their menopausal status, and more so due to the small sample for breast
cancer mortality n=55 it is not possible to stratify by menopausal status. We also did not
have data on the type of breast cancer, pre or post-menopausal, at diagnosis to determine if
breast cancer mortality was from pre or post-menopausal breast cancer. In summary, severe
metabolic syndrome and the components of MetS, especially waist circumference, blood
glucose and blood pressure appear to be associated with mortality of obesity-linked cancers
and breast cancer in women. The findings of the present study offer novel evidence for the
potential role of MetS, CRP and the joint effect of MetS and CRP in carcinogenesis and
mechanisms for the associations between obesity and cancer risk. If the results of this study
are confirmed in other studies, especially prospective cohort studies, the importance of
maintaining healthy levels of the components of the MetS will be underscored.
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Novelty and Impact

Although metabolic syndrome (MetS) incidence has increased over the years, how this
disorder influences cancer mortality in women remains unclear. Overall, MetS and
especially women with all 5 components abnormal, was associated with increased risk of
cancer mortality and breast cancer mortality. Further, the joint effect of MetS and C-
reactive protein yielded similar results. Our study is among the first to reveal these
associations, offering new insights on obesity related markers and cancer risk.

Int J Cancer. Author manuscript; available in PMC 2019 August 01.



Page 13

Gathirua-Mwangi et al.

‘uoireindod *S'N 8y Jo aAeIUBSaIdal 8g PINOM Tey sarew s 1odas 03 syBiam ajdwies Buisn pajenofes aiem mmmﬁcwoan_w

(zre8) 192 (89'92) 285 (ecz1)€ee (95'95) S50€ ON
1000"> ‘[€] 67°EVC (88'97T) €5 (zeee) LLT (8L'82) €L€ (vi'ev) 95€C SOA
eI [0Yod|y
(99'12) 89 (80'12) 09T (09°67) ¥S2 (91°51) 618 waLND
(wLen) oy (ev'sT) LT (zz'T2) SLe (19'22) 122t Jawuio4
1000"> ‘[9] 9525 (19°59) 902 (05°€9) z8v (81°69) 292 (e2'29) T9EE JaneN
Burjows anatebiy
(T9's1) 6% (8L'91) L2T (0L°02) L9¢ (L6'1€) 8TLT uoreanpa ajenpel/ahaljod
(ve'82) 68 (€9'82) 912 (e0've) 6EY (52'G€) T261T uolyeanpa |0oyds ybiH
1000> '[9l 9189z (S0°99) 9LT (69'7S) v (Lzsv) ves  (Lz6g) veLT 100y2s YBIH ey} ssa]
uoneasnp3
(v6'62) ¥6 (18'2€) Y72 (95'1€) 60V (Lz'62) 18GT a%el J3Yl0
(9591) 2§ (28'12) 99T (vs92) vve  (GL'62) L09T oe|g d1uedsiH-UON
7000> '[9] 90°6% (05°€5) 89T (ze'sv) vve (06'T¥) €S (L6'0V) €T2C a)NUA OluedsIH-UoN
20ey
anfea-d ‘[1p] ;x (%) N
7000> (60)8L0 (e1T)8L0 (80) €90 (cL0)evo (Ip/Bw) uis101d 3A1NOREY-D
1000"> (Tv)evest  (0009) 68'92T  (99%) 89'80T  (+'8T) 9€'68 (Tp/Buu) ss0on|B winies
7000"> (ren)eeert (002 erort  (LT2)8rEeT  (SLT) #2'9TT  (BHww) ainssaud poojq o1joisAs
7000> (29) 916 (9TT) YOV (en)trey (ST ET8S  (TIp/Bu) |048IS8|0yd-TTaH Wniss
1000"> (9zsT) 8682  (€21T) 20Tz (8'T0T) 6v°2LT  (0'¥S) 89'66 (Tp/B) sapuaak|BLy wniag
1000"> (goT) vv'soT  (Ter)eLeor  (zer)2g00T  (9°€T) 88'G8 (wo) 3UBIHWINDIID JSTEM
7000> (921) Se'59 (€'5T) S0'T9 (ogr)o0ovs  (z'81) 89w (reak) aby
1000"> (809) ¥0 2T (6T9) SO'SPT  (v'9v) G9°9GT  (8'9€) 0E'0LT (stuow) porsad dn-mojjo
anfend (as) uesy
(yre=u) g (652=u) v (96'1=U)€  (T0V'S=U) 20
SuBUOdWOd SWO JPUAS D1j0geisW [ew Joude JOo 'ON

AaAINg uoneuIWEeXT
UONLINN PUR Y1eaH [euoleN pJiyL 8yl Ul sjusuodwiod aWwolpuAs o1jogelsll [ewwioude o jaquinu ayl Aq painens syuedionied Jo sonsiis1orIeyd auljaseg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 August 01.



Page 14

Gathirua-Mwangi et al.

(2r'v-S5°0) 9S'T _ 4 _ (#22-19°0) 62T _ 12 _ (22'2-86'0) 87T _ 90T (0912) ¥O
(60'7-25'0) 9’ _ Al _ (€6'2-89°0) TV'T _ 12 _ (192-8TT)9L'T _ 21T (6ST-80T) £
(06'7-69°0) ¥8'T _ €1 _ (8Te-7L0) ¥S'T _ 14 _ (€2'2-86'0) 87T _ L (£01-92) 2O
ERIIEIETEN| _ 9 _ ERITEIETEN| _ T _ ERIIEIETEN| _ e (515) 10
_ _ _ _ _ (1p/Bu) sapLi20A|BuL
89/T0 _ _ €000 _ _ 52200 _ puas-d
(#T'7-05°0) 7' T _ 12 _ (21'9-20T) 05 2 _ €5 _ (60'2-€8°0) €T _ 99T (9€12) ¥O
(L6'T-¥2°0) 69°0 _ 0T _ (v2'€-260) 9€'T _ €z _ (€5°T-€9°0) 86°0 _ 98 (GeT-6TT) €O
(€6°'1-52°0) 69°0 _ L _ (87°'2-6€°0) 86°0 _ 1T _ (07'1-55°0) 88°0 _ G (8T7-801) 20O
_ 8 _ ERIEIEIEN _ 8 _ aoualayey _ 1€ (L015) TO
_ _ _ _ _ (BHww) ainssald poojg 21101SAS
67000 _ _ 86120 _ _ 54520 _ puas-d
(TSOT¥T'T) 9v'e _ 2z _ (68'7-€5°0) 00°'T _ 8¢ _ (29'T-8L0)ETT _ €0T (6°001) ¥O
(LZ'9-19°0) 96'T _ 14 _ (€8°'1-61°0) O¥'0 _ T _ (T7'1-89°0) 86°0 _ 26 (8'001-2'68) €O
(Z57-8€0) TET _ L _ (15°'1-07°0) 82°0 _ 12 _ (82'1-09°0) 88°0 _ 69 (9°68-2'62) 2O
ERIIEIETEN| _ 17 _ ERITEIETENS| _ 9T _ ERIIEIETEN| _ (<14 (1'6/5) 1O
_ _ _ _ _ (wo) 92uUaIBJWINIIIYD ISTEAN
q(10 %56) UH _ GG=USeD) 10 ON _ (10 %56) UH _ QTT=USoseD 0 ON _ 2(10 %56) UH _ 00b=U S8 10 ON _
ANerio Jeoued ses.d g _ Anferio W s aueD paxuIl-AIISaq0 _ Aferio N s oueD [e10L _

ABAINS UoITRUIWEXT UORLIINN pUe Y[eaH |euolieN ay) ul
d¥D pue S19|A J0 Siusuodwo) [enplAIpul 3AI4 3yl Jo sajitend) 01 Buipaodde AlljeliolA Jaoue) 1oy (1D) S|eAISU| 3dUBPIIUOD %G6E YIM (HH) soney piezeH

¢ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 August 01.



Page 15

Gathirua-Mwangi et al.

‘sput0d JJoind aouediyIuBIs [eatulld ayy Buisn 01 pa)Nsal am a104aJayy “p/Bwz 0 18 enba alam 4D 0 ajnusalad (§SC PUE 3pOW ‘Uelpaw ay L

‘(4ansu pue ‘“Jawioy ‘luaiind) Bujows anatehio pue ‘(annoe Jou ‘aAnde) AAnoe [eaisAyd ‘(sdel Jaylo pue ‘UedLIBWY UBIIXSIA Yoe|q dluedsiH-uou ‘81ym dluedsiH-uou) adel ‘(sieak) abe 1oy paisnipe sjapon

q

:pBONPal SeM [9pOLU BU) Ul SB|GELIBA JO JBCLUNU BY) ‘SUIEap Jaoued U0J0d PUe 1Seald JO J8gquinu 8y} JO asnesaq (SUolealpalu ay) JO Yyoes oy

0u 10 $aA) suolealpaw Buliamol-10481s8]0yd pue ‘uoisusiiadAy ‘saiageIp J0 uljnNsul JO asn pue ‘(ou Jo Sak) axelul [oyodle ‘(Jansu pue ‘Jawloy ‘Juaiind) Bupjows anasebio ‘(sanoe jou ‘annae) Ananoe [eaisAyd
‘(uonreanpa arenpelb pue abiajjod ‘Jjooyas ybiy ‘jooyas ybiy ueyl ssa| ‘Uoireonpa ou) uoireonpa ‘(sdel JBYI0 PUB ‘UBdLIBWY URDIX3IA ‘Xoe|q dluedsIH-UoU ‘@1Iym dluedsiH-uou) adel ‘(siesk) abe 1oy umm:.—u/\w

Int J Cancer. Author manuscript; available in PMC 2019 August 01.

(9z°¢-2L°0) €5T _ _ (6T'2-€L0) 12T _ _ (02°T-¥6°0) 92T _ p/Bwi=
ERITEIETENS| _ _ RV ETEN] _ _ RN ETEN| _ Ip/bw T >
_ _ _ _ _ (p/6w) uizyoid 8ANIRRY-O_
9/10°0 _ _ 1€€0°0 _ _ €970°0 _ puan-d
(0z'6-TTT) 6TE _ 1 _ (09%+0T) 8T'Z _ 8¢ _ (86'1-86'0) 6€'T _ veT (1013) 10
(98'9-8°0) 0¥'C _ vT _ (¥T°€-69°0) LV'T _ vz _ (TS'T-72°0) 90T _ G6 (007-16) €O
(esv-zv0) LeT _ 9 _ (97°'€-0L°0) 95T _ 9T _ (57'1-99°0) 86°0 _ ras) (06-58) 2O
EUEIETEN] _ g _ ERIEIETEN] _ 0t _ ERVEIETEN| _ 05 ¥ss) 1O
_ _ _ _ _ (19160 350019 poor
90zt0 _ _ 16880 _ _ T2v00 _ puan-d
ERITETETEN| _ 0T _ ERIIETETEN| _ 9z _ ERIIEIETENS| _ 28 (£92) ¥O
92°2-170) ¥T'T _ 0T _ (€L'T-¥5°0) L6°0 _ 12 _ (L€T-2L°0) 66°0 _ 69 (29-€9) €0
(1SZ-T70) 10T _ 0T _ (9£'1-6£0) 220 _ LT _ (L2'7-960) 0£'T _ 88 (z5-vv) 2O
(87'¢-¥9°0) 67'T _ €T _ (¥0'2-G9°0) ST'T _ 14 _ (82°1-96°0) TE'T _ /8 (evs) 1O
_ _ _ _ _ (1p/Bw) joJR1s810Y2-TAH
V4740 _ _ 62660 _ _ G86E0 _ puan-d
q(10 9%56) UH _ GG=USI5ED) J0 ON _ 2(10 %56) UH _ QTT=U S583 10 ON _ 2(12 %56) UH _ 00b=USsED 10 ON _
Aueriop seoued 1eaid g _ Anfeyio W s eaue) paxull-A1sg0 _ A[e1io N S eoUeD [e10L _

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Gathirua-Mwangi et al.

‘(Janau

pue ‘1awloy} ‘uaiind) Buiyows anasebio pue ‘(aAnoe Jou ‘annjae) AlAioe [eaisAyd ‘(sdel Jay10 pue ‘UBdLIBWY UBIIX3IA ‘Yoe|q d1uedsIH-Uou ‘@uym dluedsiH-uou) adel ‘(sieak) abe 1oy paisnipe aiam S|apop

q
“(Suoryealpaw 8y} JO Yoes 10y

0U 10 $3A) suolrealpaw BuliaMOo]-]0181S8]0yd pue ‘uoisuaniadAy ‘saagelp 10 uljnsul 40 asn pue ‘(ou 10 $ak) ayejul [oyodje ‘(Jansu pue ‘Jawiioy ‘Jualind) Bujows anatehio ‘(sanoe Jou ‘annae) Alianoe [eaisAyd
‘(uonreanpa ayenpeib pue aba1109 ‘jooyas ybiy ‘Jooyas ybiy ueyl SS3| ‘UOILINPS OU) UOITRINPS ‘(B3R JBYI0 PUE ‘UBdLIBWY UBIIXSIA XIB|q dluedsiH-uou ‘aliym dluedsiH-uou) adel ‘(sieak) abe oy uﬁm:%«\m

(teor-v€T) €8 (0C2T) S (Le'v-00'T) 60°C (szen) 1t (B9CCTTIELT  (956) 82 g
(€9'7-29'0) 9L'T (e9v1) 9 (28'1-97'0) €60 (szen) 11 (98'1-v6'0) €€'T  (90°LT) 0§ 14
(rzv-16'0)96'T  (€8'92) TT (¥8'1-85°0) €0'T (8v'02) LT (29'1-€6'0)G2'T  (T2'€2) 89 €
30URIBYRY (ve'ov) 61 80UR13JY (Toes) vy 30UR13JY (LT°08) LYT 20
Sjuauodwod awoJpuAs J1jogeiaw Jo "ON
(try60T) Tt (99€S)zz  (18T-0L°0) €ETT (66'9v) 6 (TZT-VOT)EET (£8'6Y) 9¥T EN
30URIBYRY (ve'ov) 61 80UR13JY (Toes) vy 30UR13JY (£1°08) L¥T ON
BWOIPUAS 2110qRIBIA O 89UBsald

qU0 %) ¥H  ssen (gp)u e (D %SB)MH  sasen (gp)u (D %56) HH (%) u

Aufero |\ JsoueD wesig

Aufe1io |\ s Loue) paxull-A1s8g0

Aueyio Jeoued fejoL

AWOJPUAS 2110geIBIN JO Sluauodwo) Aq AlljeloIA Jaoue) Jo) (1) S|eAIalu] 32UBPIIUOD %G6E YIMm (HH) soney plezeH

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 August 01.



Page 17

Gathirua-Mwangi et al.

‘(18nau

pue ‘Jawloy uaiind) Bunjows anasebio pue (aA119e 10U ‘8AIde) AlIAIDe [edisAyd ‘(aded Jaylo pue ‘Uedllawy UBJIXSIAl Yoe|q dluedsiH-uou ‘8)iym dluedsiH-uou) adel ‘(sieak) abe uoy paisnipe alem m_muo_\,_Q
*(Suolyealpal 8y} Jo yaea Joy

0u J0 S3A) suoneaIpaw BuLiamo|-|0J81sajoyd pue ‘uoisuauadAy ‘sa1agelp o uljnsul 40 asn pue ‘(ou 1o SaAk) axeiul [oyode ‘(JaAsu pue ‘Iawioy ‘1uasind) Buijows anasebid ‘(sannoe Jou ‘aAnoe) Alanoe feaisAyd
‘(uoneonpa arenpelb pue abajjod ‘jooyas ybiy ‘Jooyas ybiy ueyy ssa| ‘Uolreanps ou) uolreanps ‘(sdkl JIaY10 PUe ‘UBILIBWY UBIIX3IA Yoe|q d1uedsiH-uou ‘@)ym dluedsiH-uou) adel ‘(sieak) abe 1oy uSm:.—B\m

(e98-zr1) 05°€ L (5L°€-16'0) T6'T A (192-8TT)9LT €e Tp/Bw 00T Z dHO / SIBIN
(05°€-08'0) 89'T ST (£5'1-65'0) €6°0 Lz (T9'1-v6°0) €2'T €TT p/Bw 00'T > d¥D / SN
(ze'7-80°0) 850 1 (6v'2-¥20) LL'0 € (T£'1-250) 60 2T Ip/Bw 00T 2 dYD / SIBIN ON
souasegey 8T ouasesey T ouasesey GET  1p/BW 00'T > 0D / SIBN ON
AN[HOW BOURD 898G (g4) U AMfe}oW S JBoURD P3UII-AISRd0 (%) U ANfelION Joued I0L (%) U

d¥D pue awolpuAs d1jogeIs|A 4o 19349 ol Aq Aleiow Jaaued 1oy (1D) S[eAlsIu] 92UspIUOD %SG6 YIIM (HH) soney piezeH

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2019 August 01.



	Abstract
	Introduction
	Materials and Methods
	Sample Design
	Study population
	Data Collection
	Statistical Analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

