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Abstract

Previous research suggests positive effects of health information seeking on prevention behaviors 

such as diet, exercise and fruit and vegetable consumption. The current study builds upon this 

research, and strengthens causal claims from it, by examining the lagged effect of patient-clinician 

information engagement (PCIE) on fruit and vegetable consumption as well as the indirect effect 

on the outcome through seeking information from nonmedical channels. The results are based on 

data collected from a randomly drawn sample of breast, prostate and colorectal cancer patients 

from the Pennsylvania Cancer Registry who completed mail surveys in the Fall of 2006 and 2007. 

There was a 65% response rate for baseline subjects (resulting n = 2,013); of those 1,293 were 

interviewed one year later and 1,257 were available for our analyses. Results show a positive 

lagged main effect of PCIE at baseline on fruit and vegetable consumption at follow-up (B = 0.26, 

SE = 0.10, p = 0.01). The mediation analysis shows that patient-clinician information engagement 

leads to increased fruit and vegetable consumption among cancer patients, in part through 

patients’ information seeking from non-medical channels. Implications of these findings for the 

cancer patient population and for physicians are discussed.
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Introduction

In recent years, the health information environment has become increasingly crowded and 

complex. Individuals can access a wide range of channels of information spanning a broad 

range of topics related to health (Niederdeppe, Frosch, & Hornik, 2008; Viswanath, 2005). 
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In addition, health advocates have begun to encourage patients to take greater responsibility 

for their health and to increase their participation in the decision-making process (Frosch & 

Kaplan, 1999). Consequently, many scholars have become interested in exploring the role of 

patients’ information seeking from media channels (including the Internet), and 

interpersonal channels, on their decisions about their health and involvement in health 

practices.

While these endeavors are opportune in light of the increasingly pivotal role of new 

communication technologies in our lives as well as the increased coverage of health issues 

in the news, it is also important to understand how information obtained from physicians 

affects health behaviors. Specifically, in response to the shift from a traditional, paternalistic 

paradigm of health care delivery to a patient-centered paradigm which emphasizes more 

shared medical decision making, the current research examines whether medical and 

nonmedical channels of information work together to shape a health behavior (i.e. fruit and 

vegetable consumption) among cancer patients, or whether the influence of one information 

channel is independent of the other.

The Role of Fruit and Vegetable Consumption

Over the last two decades, researchers have debated the role of fruit and vegetable 

consumption in reducing overall cancer risk. While some of these studies suggest that 

consumption of fruits and vegetables reduces risk of developing cancers such as breast 

(Gandini, Merzenich, Robertson, & Boyle, 2000), prostate (McCann, Ambrosone, Moysich, 

Brasure et al. 2005) and colorectal cancers (Block et al., 1992; Block, Patterson, & Subar, 

1992; Gandini, Merzenich, Robertson, & Boyle, 2000; Steinmetz & Potter, 1996), other 

studies have failed to provide definitive support for the link between fruit and vegetable 

intake and cancer risk, noting that the relationship was much weaker than initially reported 

(Boffetta et al., 2010; Key, 2011; Willett, 2001; Willett, 2010).

Despite these differences in opinion with regards to the importance of fruit and vegetable 

intake in reducing overall cancer risk, evidence argues for a probable protective effect of 

fruit and vegetable consumption on cancer risk. Specifically, an expert report by the World 

Cancer Research Fund noted that studies conducted since the mid-1990s have supported this 

claim (American Institute for Cancer Research, 2007, Chapter 4.2, p. 75).

In addition, there is evidence to suggest that fruit and vegetable consumption can improve 

cancer patients’ lives by preventing the onset or progression of chronic conditions like 

cardiovascular diseases (Dauchet, Amouyel, Hercberg, & Dallongeville, 2006; He, Nowson, 

& MacGregor, 2006; Yusuf, Razeghi, & Yeh, 2008), high blood pressure, diabetes 

(Bazzano, 2005), weight management (Tohill, 2005) and bone health (New et al., 2000). 

Together, these findings highlight the importance of consuming fruits and vegetables, and 

have led to a general recommendation favoring increased fruit and vegetable intake among 

the general population and cancer patients alike (ACS, 2009). Furthermore, these findings 

also show that efforts to promote fruit and vegetable consumption are worthwhile and 

should be encouraged.
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Health Information Seeking Behavior

In recent years, health information seeking has come to include a range of dimensions 

spanning from the nature of information sought, the use of channels to seek information, as 

well as how various information-seeking strategies are used to obtain information (Lambert 

& Loiselle, 2007). Scholars have noted the need to expand the current body of research 

beyond a focus on general health information seeking or seeking in specific contexts (e.g., 

Brashers, Goldsmith, & Hsieh, 2002) to a focus on research that crosses settings and 

contexts. One conceptual framework which aims to address this call is the planned risk 

information seeking model (PRISM: Kahlor, 2010). The PRISM (Kahlor, 2010), which 

draws from concepts outlined in several health theories1, provides health communication 

scholars with a unifying framework for health information seeking, which aims to enable 

scholars to propose universal claims and hypotheses relating to information seeking and its 

effects, which can be applied beyond specific contexts2.

However, PRISM (Kahlor, 2010) does not theorize about the movement across channels, nor 

considers the role of social determinants in shaping health information seeking behavior. 

Current empirical studies suggest that engaging with information from one channel can also 

trigger additional information seeking activities from other channels (Caiata-Zufferey, 

Abraham, Sommerhalder, & Schulz, 2010; Nagler, Romantan et al., 2010), and that these 

activities can jointly influence behaviors. In particular, Shah and colleagues found that mass 

communication influences individuals’ civic engagement indirectly through interpersonal 

discussions (Shah, Cho, Eveland, & Kwak, 2005; Shah et al., 2007). Research using the 

social diffusion theory supports these conclusions in the context of health campaign 

influence, postulating that campaign messages can ultimately affect individuals’ health 

behaviors by motivating them to engage in interpersonal communication within their social 

networks (Hornik & Yanovitzky, 2003; Hwang, 2010; Rogers, 2003).

Furthermore, any study of health information seeking should take into account of the role of 

social determinants in the context of cancer communication and outcomes. Past research has 

shown that patient characteristics such as race or ethnicity (Ball-Rokeach & Wilkin, 2009), 

willingness to communicate about health (Wright & Frey, 2008), socioeconomic status 

(Perloff, Bonder, Ray et al, 2009), and perceptions of trust in the medical system can affect 

levels of health information seeking behaviors. According to the structural influence model 

of communication (SIM: Viswanath, Ramanadhan, & Kontos, 2007), health information 

seeking may act as an explanatory variable in understanding the processes that shape health 

disparities as well. This framework argues that inequalities in communication behaviors, 

including information seeking, tend to parallel inequalities in health: “individual and 

population health could be understood by examining how social determinants such as race, 

ethnicity, and class are related to how people access, seek, process, and use health 

1Theory of planned behavior (TPB; Ajzen, 1991), the risk information seeking and processing model (RISP; Griffin, Dunwoody, & 
Neuwirth, 1999), the theory of motivated information management (TMIM: Afifi & Weiner, 2004), the comprehensive model of 
information seeking (CMIS: Johnson & Meischke, 1993), the health information acquisition model (HIAM: Freimuth, Stein, & Kean, 
1989), the integrative model of online health information seeking (IMOHS: Dutta-Bergman, 2006) and the extended parallel 
processing model (EPPM: Witte, 1998).
2To note, even though we acknowledge that PRISM includes a role for affective responses to risk as triggering information seeking 
(Kahlor, 2010), similar to RISP (Griffin, Dunwoody, & Neuwirth, 1999), this aspect is not examined in the current study.
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information” (Viswanath & Ackerson, 2011, p. e14550). In the context of this article, 

however, the social determinants of health, while important predictors of information 

seeking, are included in order to account for the effect of external influences on proposed 

outcomes. Addressing their relationship to the study outcomes is not a focus of this paper.

The central variable in the current study is patient-clinician information engagement (PCIE) 

which we have defined as: doctors’ offering information and advice to patients as well as 

patient-initiated searches of information from physicians (Martinez 2009). Ultimately, the 

goal is to examine the role of information seeking behavior in influencing individuals’ 

health practices and behaviors, particularly fruit and vegetable consumption. Prior research 

has demonstrated a positive association of information seeking behavior with fruit and 

vegetable intake (Hornik, Parvanta, Mello, Freres, & Schwartz, 2010; Lewis et al., 2012; 

Ramirez, Freres, Martinez, Lewis, & Hornik, 2011; Shim, Kelly, & Hornik, 2006), as well 

as with dieting and exercise behaviors (Tan, Mello, & Hornik, 2012; Shim et al, 2006; 

Ramirez, Freres, Martinez et al,2013). However, these studies do not describe the effect of 

information obtained within the healthcare setting on patients’ adoption of lifestyle 

behaviors. A number of studies have focused specifically on the positive behavioral impact 

of doctors’ recommendations or advice to patients to increase their consumption of fruits 

and vegetables (Hunt, Kristal, White, Lynch, & Fries, 1995; Loureiro & Nayga, 2007; 

Pignone et al., 2003; Sacerdote et al., 2006). However these studies focused less on the role 

of the patient’s own engagement with their treating physicians or other health professionals 

for information; they do not address how this participatory aspect of the interaction may 

contribute to patients’ adoption of preventive practices including their fruit and vegetable 

intake. With our measure of patient-clinician information engagement (PCIE) we hope to 

capture both fundamental components of patient centered communication (Roter, 1984).

Building on previous research reviewed here, we propose that engaging with information 

from medical channels (i.e., clinicians) affects individuals’ fruit and vegetable consumption 

in part because it triggers additional engagement with channels outside the healthcare 

system. Figure 1 illustrates the proposed pathways of influence. We outline two potential 

reasons for expecting this mechanism. First, in an environment in which patients enjoy 

access to an increasingly broad range of information channels, and also assume greater 

responsibility for, and involvement in decision-making regarding their health, it is 

reasonable to expect that discussions with the medical team may fuel additional seeking 

activities from other channels. Accordingly, qualitative studies have noted that patients 

sometimes respond to discussions with physicians by turning to nonmedical channels of 

information to complement, validate and/or challenge the information obtained during the 

medical encounter (Caiata-Zufferey et al., 2010). Second, clinicians may recognize the shift 

towards greater patient participation and input in healthcare and encourage their patients to 

seek information from other channels to further their knowledge about how various habits 

and lifestyle practices may affect their disease progression or health in general (Lewis, Gray, 

Freres, & Hornik, 2009). Based on our summary of the current findings, we propose the 

following two hypotheses:

H1: Cancer patients’ engagement with cancer-related information from their treating 

physicians or health professionals (PCIE) at baseline will be positively associated with 
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their intake of fruits and vegetables at follow-up adjusting for effects of additional 

predictors.

H2: The positive association between PCIE and patient intake of fruits and vegetables 

will be partially mediated by information seeking from nonmedical channels.

The current study builds on a previous study which examined the same sample of cancer 

patients and demonstrated that information seeking from nonmedical channels had a positive 

lagged association with fruit and vegetable intake (Lewis et al., 2012). The previous study 

included a measure of patient clinician information engagement as an additional predictor 

and found no residual main effect when non-medical seeking was in the equation. In 

contrast, the current study, focuses on PCIE, and complements that previous work; it looks 

for evidence for effects of PCIE as an antecedent variable on fruit and vegetable 

consumption, mediated through non-medical seeking.

Method

Participants

In the Fall of 2006, we randomly selected from the Pennsylvania Cancer Registry (PCR) 

patients who were diagnosed in 2005 with three of the most common cancers in the US 

(breast – women only, prostate – men only, colorectal) (n = 2,013). Pennsylvania requires 

that all cancer cases be reported to the PCR within six months of diagnosis. Stage four 

cancer patients and African-American patients were over-sampled to maximize statistical 

power. However, in the weighted analyses conducted here these groups are represented in 

proportion to their presence in the population in the PCR.

Upon completing the first survey, respondents were asked if they agreed to be contacted 

again in 2007 for a follow-up questionnaire. Approximately 65% percent of the initial 

sample was retained for the follow-up survey (n = 1,293). In the current analyses, only 

respondents who completed both surveys (baseline and follow-up) and offered valid 

responses on the outcome measure (fruit and vegetable consumption at follow-up), were 

retained (n=1,257).

Procedure

The survey instruments were developed after extensive literature reviews, consultations with 

expert panels and a pilot study with 29 cancer patients. The questionnaires were tailored to 

the type of respondents’ cancer and included questions about demographic and disease 

characteristics, information seeking activities, engagement with physicians, psychosocial 

factors and preventive and surveillance behaviors. They were distributed to respondents 

based on recommended methods for mail surveys (Dillman, 2000). The baseline data were 

collected in Fall 2006 while the follow-up survey was administered in Fall 2007. A more 

detailed description of the study design and data collection procedures is found elsewhere 

(Lewis et al., 2009; Martinez, Schwartz, Freres, Fraze, & Hornik, 2009; Nagler et al., 2010).
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Measures

Independent Variable—Patient-Clinician Information Engagement (PCIE)) is described 

in more detail in other studies (Martinez et al., 2009; Tan, Bourgoin, Gray, Armstrong, & 

Hornik, 2011). However, to summarize, participants were asked to think back to the first 

few months of their cancer diagnosis and recall whether they sought information about 

‘cancer treatment,’ ‘other cancer-related issues’ and ‘quality of life’ from two medical 

sources; they were asked separately about their treating physicians and about other health 

professionals. Patients responded on a yes/no scale. The period of recall was from the time 

of diagnosis to roughly one year post-diagnosis. In addition to these six survey items, the 

scale includes two more yes/no items which capture (1) whether cancer survivors discussed 

information they obtained from other channels with their treating doctors and, of particular 

importance for this study, (2) if their treating doctors recommended other channels for 

further information. The yes/no responses to these eight items were first individually 

standardized and then averaged to create the baseline PCIE measure (Cronbach alpha = 

0.78).

Mediator Variable—Information Seeking from Nonmedical Channels (Nonmedical 

Seeking) focused on respondent’s breadth of information seeking activities from nonmedical 

channels about two general topics: cancer treatment or other cancer-related issues, and 

quality of life. The nonmedical outlets included: 1) television or radio; 2) books, brochures, 

or pamphlets; 3) newspapers or magazines; 4) the Internet (other than personal e-mail); 5) 

family members, friends, or coworkers; 6) other cancer patients; 7) face-to-face support 

groups; 8) On-line support groups; and 9) telephone hotlines from the American Cancer 

Society. In addition, to capture the time frame of their seeking behavior, at baseline we 

asked participants to “think back to the first few months after you were diagnosed with your 

cancer” and report their seeking behaviors. In contrast, at follow-up we asked them to think 

back to “the past 12 months.” The responses to these items were also binary with yes/no 

options. In total, the baseline and follow-up measures included 18 yes/no items which were 

first standardized individually and then averaged to form the final scales (αbaseline= 0.81; 

αfollow-up = 0.80).

Dependent Variable

Fruit and Vegetable Consumption: Participants responded to two questions about their 

level of fruit and vegetable intake: “In the past week, on average, how many servings of fruit 

did you eat or drink per day? Please include 100% fruit juice, and fresh, frozen or canned 

fruits.” And “In the past week, on average, how many servings of vegetables did you eat or 

drink per day, not counting potatoes? Please include green salad, 100% vegetable juice, and 

fresh, frozen or canned vegetables.” Both items included six response options, ranging from 

“Less than one serving per day,” “one serving per day,” “two servings per day” up to “5 or 

more servings per day.” As in Ramirez et al. (2011) and Lewis et al. (2012), we combined 

both measures to create a composite measure of fruit and vegetable intake, with interval-

level, response options for each question, ranging from 0 to 5 levels. The summed variable 

ranged from 0 to 10 levels. Although the extreme categories (0 and 5) of each measure 

captured multiple responses, fewer than 5% of all respondents fall at the extremes of the 

0-10 scale. We thus felt confident in treating this measure as interval. The one year test-
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retest correlation for the summed scale was high (0.64.) The wording of baseline and the 

follow-up measures of fruit and vegetable consumption were identical.

Covariates

Disease and Demographic Characteristics: Disease factors were entered in the analyses as 

additional predictors, including cancer type, stage of cancer, cancer history, self-reported 

metastatic condition, number of treatments and health status. Cancer type was obtained from 

the PCR and included breast, prostate and colon cancers. Respondent’s cancer stage, which 

was consistent with the standard IUCC/TNM system of cancer staging (Greene et al., 2002), 

was also derived from the PCR. In our analyses, gender and cancer type were combined to 

create four dichotomous items (i.e. colon cancer male, colon cancer female, breast cancer 

and prostate cancer) while cancer stage was dichotomized to reflect patients with metastatic 

cancer versus those with stages 0 through III.

Respondents indicated if they had any family members diagnosed with their same type of 

cancer (cancer history) and whether their physician has told them the cancer has recurred or 

progressed in the previous year (becoming metastatic). We also included a measure of how 

many different types of treatment patients underwent for their cancer. This index was 

standardized within each cancer since the number of treatments available was different for 

each type of cancer. In addition, we assessed respondents’ self-perceived health status using 

a standard item with five-response options ranging from poor to excellent. Demographic 

characteristics were also included: age in years, race (white vs. other), education (any 

college vs. high school or less), marital status (married vs. not married) and employment 

status (employed vs. unemployed). Due to lack of variability, insurance status was omitted 

from our list of controls - 98% of our sample claimed to have insurance.

In addition to these typical disease and demographic characteristics, other potential 

confounders include ‘intention to control your diet to lose weight in the next year,’, 

‘intention to engage in physical activity at least three times a week in the next year,’ and 

body mass index (BMI). Intention responses ranged from very likely to very unlikely. The 

BMI was calculated from self-reported height and weight and was coded as normal (BMI 

less than 25), overweight (BMI 25 to 34.99) or obese (BMI 35 and over).

Data Analysis

Following standard procedures for datasets where missing values cause the loss of more than 

10% of cases, variables were multiply imputed using the ICE add-in for STATA Release 11 

through a single multivariate model (Allison, 2001). In addition, we used post-stratification 

weights to adjust the final sample to the PCR population by type of cancer, age, gender, 

race, marital status, time of diagnosis and disease stage at diagnosis.

We performed a series of OLS regression analyses to test our main hypotheses of mediated 

effects. First, we examined the lagged association between PCIE at baseline on fruit and 

vegetable consumption at follow-up, controlling for baseline behavior, demographics, 

patient characteristics, and other predictors. We then examined the mediation mechanism, 

which is portrayed in Figure 1. The decision to perform the mediation test with longitudinal 
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data was based on previous research showing potential biases in mediation analyses relying 

on cross-sectional data (Cole & Maxwell, 2003).

Our analysis represents a test of simple mediation (Preacher, Rucker, & Hayes, 2007), one 

in which the indirect effect of PCIE (independent variable) on fruit and vegetable 

consumption (dependent variable) operates in part through seeking information from 

nonmedical channels (mediating variable)3. We base our approach to mediation analysis on 

MacKinnon et al. (2002) which has many advantages over the prior Baron and Kenny 

(1986) logic. According to the MacKinnon approach, a mediation mechanism is supported if 

(1) the independent variable is significantly related to the mediator (path a) and (2) the 

mediator is significantly related to the dependent variable while controlling for the 

independent factor (path b).

Using two waves of data, it was essential to use a half-longitudinal design (Cole & Maxwell, 

2003). For this approach, Cole & Maxwell (2003) recommended a pair of longitudinal tests. 

In line with their suggestions we first examined the lagged relationship between the 

independent factor at baseline and the mediator at follow-up controlling for additional 

predictors and the mediator at baseline. We then assessed the lagged relationship between 

the mediator at baseline and the outcome at follow-up, adjusting for additional predictors 

and outcome measured at baseline. The benefit of this design was that it allowed us to 

control for prior levels of the dependent and mediator variables.

Results

Descriptive Analysis

The final sample included 1,257 cancer survivors. The mean age for the sample was 67 

years old. The majority of our sample (88%) was white, with 11% of the sample self-

identifying as African American4. Additional characteristics of the sample are found in 

Table 1. Our sample also reported consuming, on average, less than the recommended 

number of servings of fruits and vegetables. However, a slight increase in consumption was 

observed between baseline and follow-up (Table 2). The procedure for creating the 

information scales (summing standardized items at each measurement wave) meant that the 

observed mean would be close to 0 at both measurement waves so there would be minimal 

3Past research examining mediating models of effects have traditionally drawn from the causal steps approach outlined by Baron and 
Kenny (1986). According to this approach, evidence for a mediating effect is supported when four conditions are fulfilled: (1) the 
independent variable shows a direct and significant association with the dependent variable (path c); (2) the independent variable 
demonstrates a significant association with the mediating variable (path a); (3) in turn, the mediating variable shows a significant 
association with the dependent variable (path b); (4) the direct effect of the independent variable on the dependent variable is 
weakened or eliminated entirely when the effect of the mediating variable is entered into the model (path c’). Although the use of the 
causal steps approach is seen ubiquitously in past mediation research, MacKinnon, Fairchild, and Fritz (2007) describe three important 
limitations to this method. Most relevant to the present study is the limitation of the first requirement in the causal steps approach 
stating that the independent variable must be significantly associated with the dependent variable, which is particularly problematic for 
studies attempting to show a lagged association between independent and dependent variables. On the contrary, Mackinnon and 
Fairchild, (2009) note that mediation processes do not necessarily require the presence of a direct effect between independent and 
dependent variables. Other limitations related to the causal steps approach also include a general weakened power to detect effects 
(Fritz & Mackinnon, 2007; MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002), and an inability to assign a numerical value 
capturing the magnitude of the effect under study (Mackinnon & Fairchild, 2009).
4Less than 1% of respondents were of Asian, American Indian, Native Hawaiian or other descent. Among all respondents, 3% 
considered themselves to be Hispanic or Latino, and of these respondents the majority also identified themselves as white. Given the 
distributions of participants across race/ethnicity categories, we dichotomized race/ethnicity between white and non-white categories 
for all analyses.
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observed change in information engagement over the year’s period. The descriptive analysis 

shows that the correlations among the primary variables were all statistically significant at 

the 0.01 level or less and in the expected direction (Table 3). When examining the 

unstandardized version of the PCIE scale, 62.7% of patients discussed information from 

other sources with their treating physician and 44.7% received encouragement from their 

physician to seek information from other sources. Only 11% of the sample did not seek 

information from their physician at all at baseline. In contrast, 17.7% and 36.8% of the 

sample did not seek information from any nonclinical sources at baseline and follow-up 

respectively.

Main Effect

The main hypothesis (H1) posited that engaging with information from medical channels 

would predict subsequent fruit and vegetable consumption after adjusting for baseline intake 

of fruits and vegetables as well as disease and demographic characteristics. The results 

support this hypothesis; baseline PCIE positively predicted fruit and vegetable consumption 

one year later (B = 0.26, SE = 0.10, p = 0.01), above and beyond the effect of the additional 

predictors and baseline behavior (path c). This analysis does not include seeking information 

from nonmedical channels.

Test of Mediation

The second hypothesis postulated that PCIE would indirectly affect fruit and vegetable 

consumption by increasing engagement with information from channels outside the 

healthcare system. The results support this hypothesis as well. Following the requirements 

of the half-longitudinal mediation approach, we showed that patient-clinician information 

engagement at baseline was positively related to seeking information from nonmedical 

channels at follow-up (B = 0.05, SE = 0.025 p = 0.045), adjusting for additional predictors 

and baseline behavior (path a). Additionally, seeking information from nonclinical channels 

at baseline was significantly related to fruit and vegetable intake at follow-up (B = 0.40, SE 

= 0.12, p < 0.01) in a model that adjusted for the effect of additional predictors and baseline 

behavior but excluded the influence of baseline patient-clinician information engagement. 

Finally, actively seeking information from nonmedical channels at baseline was positively 

and significantly related to fruit and vegetable consumption at follow-up (B = 0.31, SE = 

0.14, p = 0.03) after controlling for baseline PCIE, baseline behavior and additional 

predictors (path b). In addition, the effect of PCIE at baseline on fruit and vegetable 

consumption at follow-up was decreased in magnitude (from regression coefficients of 0.26 

to 0.15), and lost statistical significance upon introducing the effect of actively seeking 

information from nonmedical channels at baseline, adjusting for baseline fruit and vegetable 

consumption and additional predictors (path c’)5.

5In a separate analysis using cross-sectional data, the association between seeking from nonmedical channels and fruit and vegetable 
consumption was not statistically significant. However, Maxwell and Cole (2007) observe that some mediation processes may not be 
captured in cross-sectional data as they require sufficient passage of time before they unfold. This is consistent with our finding a 
lagged association between seeking from nonmedical channels and fruit and vegetable consumption controlling for the effects of 
patient-clinician information engagement.
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Thus, we concluded that the results provided evidence in support of partial mediation. In 

sum, patient-clinician information engagement appears to trigger consumption of fruits and 

vegetables among cancer survivors directly but also indirectly by encouraging information 

seeking from channels outside the healthcare system.

Discussion

There is evidence consistent with benefit of fruit and vegetable consumption for cancer 

patients., This study explores information engagement with medical and nonmedical 

channels, as potential influences on fruit and vegetable intake among cancer patients at the 

survivorship stage. Our findings suggest that engagement with clinicians triggers higher 

intake of fruits and vegetables, in part, because it motivates additional information seeking 

activities from nonclinical channels.

This result is conceptually intriguing in several ways. First it is consistent with a claim that 

patients are embedded within a multi-faceted communication network that affects their 

decisions. The history of communication effects scholarship, starting with its early theorists 

(cf. Katz and Lazarsfeld, 1955) investigates how mass media effects occur in the context of 

social networks. While early theorizing often focused on how mass media activated social 

network diffusion of influence, here the effects run from expert source through mediated and 

personal channels, perhaps reversing the traditional two-step flow of media effects. But the 

deeper idea, that media effects and interpersonal effects occur in the context of each other, is 

certainly supported here., These results support the operation of a de facto participatory 

patient model in the cancer patient population. Specifically, patients do not end their 

searches for cancer-related information in their physician’s office but also engage with 

nonmedical information channels to satisfy their informational needs and to help them make 

sound decisions about their health. Also, our study provides empirical evidence for a trigger 

effect of information seeking from clinical channels to seeking from non-medical channels, 

suggesting that movement across channels represents an important part of the information 

seeking process, and is worth further study (Nagler, Gray et al, 2010). Qualitative studies 

have supported this flow from medical to nonmedical outlets (Caiata-Zufferey et al., 2010; 

Nagler, Romantan et al., 2010). Our study expands this research by confirming the 

mediation model with a longitudinal study design.

Second, the findings are consistent with and add to previous reports, which highlighted the 

rising importance of nonmedical channels of information in determining healthy choices 

(Lee, 2010; Lewis et al., 2012; Ramirez et al. 2011; Shim et al., 2006). Internet use for 

seeking health information in particular holds much promise for improving perceptions of 

the patient-provider relationship, question asking, and treatment compliance among newly 

diagnosed cancer patients (Bass, Ruzek, Gordon, Fleisher, McKeown-Conn, & Moore, 

2006). As these channels become more prevalent in patients’ health information 

environment and central to their decisions, public health practitioners and scholars should 

encourage greater dissemination of information about positive lifestyle practices through the 

Internet, coverage in the media, and interpersonal conversations within social networks.
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Several design characteristics make the results of this study even more compelling. For 

instance, we tested the proposed relationships using a longitudinal design, which allowed us 

to make more confident claims about the causal direction between our main variables. 

Additionally, we employed a population based sample of breast, prostate and colon cancer 

patients in Pennsylvania in combination with probability weighting. This allowed us to 

generalize the results across all patients in the state who were diagnosed with three of the 

most common types of cancers. Finally, our measure of patient-clinician information 

engagement included an understudied aspect of patient-physician communication, namely 

patient-initiated efforts to obtain information from physicians, which are perceived as 

integral components of patient centered communication (Roter, 1984). This is distinct from 

previous studies which have examined the effect of clinicians offering information or 

making recommendations to patients.

However, this study has some limitations. First, the findings presented here cannot be 

extended to patients with other types of cancers or individuals in other parts of the US. 

Further studies should examine these patterns with other patient populations. Second, 

although the hypothesized patterns materialized as expected, the magnitude of follow-up 

effects are modest, and follow-up behavior is, to a large extent, explained by baseline 

behavior. This suggests that fruit and vegetable consumption is in great part driven by habit. 

Although other predictors are significant, they do not radically alter the individuals’ dietary 

behaviors.

Additionally, the data are based on self-report and are thus subject to possibly fallible patient 

recall of their interactions with their doctors, with other information channels as well as their 

involvement in healthy behaviors. Confidence in these measures derives from two sources: 

first there is consistency in reports one year apart (fruit and vegetable consumption r=.67) 

non-medical channel seeking (r= 0.630) and for patient clinical information engagement (r=.

42). Second, poor measurement would have undermined the finding of effects, so the fact 

that there is evidence for lagged effects is consistent with adequate measurement, although 

the effects may be underestimated.

As depicted in the measures section, both patient-clinician information engagement and 

seeking information from nonmedical channels focus on fairly broad cancer topics such as 

cancer treatment and quality of life. Thus, we were not able to distinguish how much of 

survivors’ engagement was specifically related to their actively seeking information about 

fruits and vegetables within those topics. Nevertheless, we are confident that throughout 

their engagement with nonclinical channels patients encountered information about fruits 

and vegetables; cancer organizations and other similar entities widely disseminate the 

importance of healthy diet during cancer treatment and post-treatment phases and highlight 

the role of fruits and vegetables in improving quality of life and health in general 

(Blanchard, Courneya, & Stein, 2008; Brown et al., 2003).

A final limitation relates to the use of a half-longitudinal design to assess the mediational 

process. This approach assumes that the primary variables are not time-dependent or varying 

across time, and are thus not in violation of the stationarity assumption. However, our 

analyses suggest that the correlations of primary variables across both waves of data are 
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moderate to strong in magnitude and their means and standard deviations do not vary 

substantially from baseline to follow-up. Nevertheless, longitudinal mediation should be 

assessed ideally with at least three waves of data (Cole & Maxwell, 2003).

In conclusion, this study sheds light into how information obtained from physicians affects 

health behaviors in the context of a complex health information environment. It concludes 

that cancer survivors take a two-pronged approach to gathering information by engaging 

with medical channels, which in turn drives them to media or nonmedical interpersonal 

outlets of information and that these joint activities have a positive impact on individuals’ 

lifestyle practices such as fruit and vegetable consumption. These findings extend the work 

of other scholars who found similar influences of information seeking on behavior, but in 

different contexts (Hornik & Yanovitzky, 2010; Hwang, 2010; Shah et al., 2007; Shah, Cho, 

Eveland and Kwak, 2005; Rogers, 2003), showing that these relationships extent beyond one 

topic and one context. Furthermore, this study makes a unique contribution to the existing 

literature by introducing the role of patient initiated searches of information from physician, 

not just nonclinical sources, in shaping individual health behavior. As such, physician 

recognition of the motivation among patients to seek out information from clinical and 

nonclinical channels may help them better guide their patients toward more reliable 

nonclinical channels and more productive use of these channels.
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Figure 1. 
Proposed Mediation Path Between Patient-Clinician Information Engagement (PCIE) and 

Fruit and Vegetable Consumption.
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Table 1

Disease and Demographic Characteristics of the Sample (n = 1,257)

Mean SD %

Age 67.74 12.45

Race/Ethnicity

 White 87.47

 Non-White 12.53

Education

High school or less 51.39

 Any college 48.61

Marital Status

 Married 61.16

 Not Married 38.84

Employment Status

 Employed 33.65

 Non-Employed 66.35

BMI

 Normal 30.77

 Overweight 39.47

 Obese 29.76

Type of Cancer

 Colon Cancer Male 15.38

 Colon Cancer Female 16.01

 Prostate Cancer 33.19

 Breast Cancer 35.42

Stage

 Stage 0-II 76.88

 Stage III 12.93

 Stage IV 10.19

Became Metastatic

 Yes 11.89

 No 88.11

Health Status (1-5) 3.20 0.90

Dieting Intention (1-5) 3.23 1.28

Exercising Intention (1-5) 3.55 1.28

Number of Treatments -0.05 0.95

J Health Commun. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Moldovan-Johnson et al. Page 19

T
ab

le
 2

C
ha

ra
ct

er
is

tic
s 

of
 F

ol
lo

w
-u

p 
Sa

m
pl

e 
on

 P
ri

m
ar

y 
V

ar
ia

bl
es

 (
n 

=
 1

,2
57

)

M
ea

n
SD

Fr
ui

t a
nd

 V
eg

et
ab

le
 C

on
su

m
pt

io
n 

B
as

el
in

e 
(0

-1
0)

3.
85

2.
10

Fr
ui

t a
nd

 V
eg

et
ab

le
 C

on
su

m
pt

io
n 

Fo
llo

w
-u

p 
(0

-1
0)

4.
08

2.
16

Pa
tie

nt
-C

lin
ic

ia
n 

In
fo

rm
at

io
n 

E
ng

ag
em

en
t B

as
el

in
e

0.
02

0.
64

Se
ek

in
g 

N
on

m
ed

ic
al

 B
as

el
in

e
0.

00
0.

49

Se
ek

in
g 

N
on

m
ed

ic
al

 F
ol

lo
w

-u
p

-0
.0

4
0.

44

J Health Commun. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Moldovan-Johnson et al. Page 20

T
ab

le
 3

C
or

re
la

tio
n 

M
at

ri
x 

of
 P

ri
m

ar
y 

V
ar

ia
bl

es
 (

n 
=

 1
,2

57
)

P
at

ie
nt

-C
lin

ic
ia

n 
In

fo
rm

at
io

n 
E

ng
ag

em
en

t 
B

as
el

in
e

Se
ek

in
g 

N
on

m
ed

ic
al

 C
ha

nn
el

s 
B

as
el

in
e

Se
ek

in
g 

N
on

m
ed

ic
al

 C
ha

nn
el

s 
F

ol
lo

w
-u

p
F

ru
it

 &
 V

eg
et

ab
le

 
C

on
su

m
pt

io
n 

B
as

el
in

e

Se
ek

in
g 

N
on

m
ed

ic
al

 C
ha

nn
el

s 
B

as
el

in
e

0.
75

5

Se
ek

in
g 

N
on

m
ed

ic
al

 C
ha

nn
el

s 
Fo

llo
w

-u
p

0.
52

2
0.

62
6

Fr
ui

t &
 V

eg
et

ab
le

 C
on

su
m

pt
io

n 
B

as
el

in
e

0.
18

9
0.

41
5

0.
67

3

Fr
ui

t &
 V

eg
et

ab
le

 F
ol

lo
w

-u
p

0.
29

4
0.

53
3

0.
65

6
0.

66
5

A
ll 

di
sp

la
ye

d 
va

ri
ab

le
s 

ar
e 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 a
t p

<
.0

1 
or

 le
ss

.

J Health Commun. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Moldovan-Johnson et al. Page 21

T
ab

le
 4

R
eg

re
ss

io
n 

A
na

ly
si

s 
of

 th
e 

M
ai

n 
E

ff
ec

t o
f 

Pa
tie

nt
-C

lin
ic

ia
n 

In
fo

rm
at

io
n 

E
ng

ag
em

en
t o

n 
Fr

ui
t a

nd
 V

eg
et

ab
le

 C
on

su
m

pt
io

n 
at

 F
ol

lo
w

-u
p 

(N
 =

 1
,2

57
)

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

F
ru

it
 a

nd
 V

eg
et

ab
le

 C
on

su
m

pt
io

n 
F

ol
lo

w
-u

p
Se

ek
in

g 
N

on
m

ed
ic

al
 C

ha
nn

el
s 

F
ol

lo
w

-u
p

F
ru

it
 a

nd
 V

eg
et

ab
le

 C
on

su
m

pt
io

n 
F

ol
lo

w
-u

p
F

ru
it

 a
nd

 V
eg

et
ab

le
 C

on
su

m
pt

io
n 

F
ol

lo
w

-u
p

B
SE

B
SE

B
SE

B
SE

A
ge

0.
01

4 
*

0.
00

7
0.

00
1

0.
00

2
0.

01
6*

0.
00

7
0.

01
7*

0.
00

7

R
ac

e/
E

th
ni

ci
ty

0.
44

6 
*

0.
18

1
-0

.1
05

*
0.

04
1

0.
46

8*
*

0.
18

0.
46

1*
0.

18
1

E
du

ca
tio

n
0.

12
5

0.
11

8
0.

01
8

0.
02

5
0.

21
3

0.
11

9
0.

20
3

0.
11

8

M
ar

ita
l S

ta
tu

s
0.

06
3

0.
12

0.
01

8
0.

02
9

0.
06

3
0.

11
9

0.
06

3
0.

11
9

E
m

pl
oy

m
en

t S
ta

tu
s

-0
.2

27
0.

16
3

0.
01

4
0.

04
1

-0
.2

15
0.

16
1

-0
.2

2
0.

16
1

H
ea

lth
 S

ta
tu

s
-0

.0
29

0.
07

-0
.0

16
0.

01
4

-0
.0

21
0.

07
-0

.0
19

0.
07

B
M

I 
O

ve
rw

ei
gh

t
-0

.2
92

*
0.

14
7

-0
.0

63
0.

03
4

-0
.2

84
0.

14
7

-0
.2

86
0.

14
7

B
M

I 
O

be
se

-0
.0

22
0.

17
1

-0
.0

54
0.

03
9

-0
.0

16
0.

16
9

-0
.0

14
0.

16
9

C
an

ce
r 

H
is

to
ry

-0
.0

04
0.

11
6

0.
02

0.
02

4
-0

.0
2

0.
11

5
-0

.0
15

0.
11

5

St
ag

e 
0-

II
0.

19
8

0.
23

1
-0

.0
4

0.
04

6
0.

26
5

0.
22

8
0.

23
6

0.
23

St
ag

e 
II

I
0.

06
1

0.
29

1
-0

.0
4

0.
05

4
0.

1
0.

28
6

0.
07

8
0.

29

B
ec

om
in

g 
M

et
as

ta
tic

0.
02

2
0.

26
1

0.
03

6
0.

05
2

0.
05

9
0.

25
7

0.
03

5
0.

25
9

C
ol

on
 C

an
ce

r 
M

al
e

-0
.0

89
0.

19
4

-0
.0

14
0.

03
9

-0
.0

53
0.

19
5

-0
.0

44
0.

19
5

C
ol

on
 C

an
ce

r 
Fe

m
al

e
0.

07
4

0.
18

3
0.

03
4

0.
03

9
0.

08
7

0.
18

3
0.

10
3

0.
18

3

Pr
os

ta
te

 C
an

ce
r

-0
.3

63
**

0.
13

9
-0

.0
71

0.
03

3
-0

.3
12

*
0.

13
8

-0
.3

35
*

0.
13

9

N
um

be
r 

of
 T

re
at

m
en

ts
0.

01
8

0.
07

-0
.0

16
0.

01
3

0.
00

1
0.

07
0.

00
2

0.
07

In
te

nt
io

n 
to

 D
ie

t
0.

03
6

0.
05

7
0.

02
2

0.
01

3
0.

02
7

0.
05

6
0.

02
7

0.
05

6

In
te

nt
io

n 
to

 E
xe

rc
is

e
0.

13
3 

*
0.

06
1

0.
01

9
0.

01
2

0.
13

3*
0.

06
1

0.
13

0*
0.

06
1

Fr
ui

t a
nd

 V
eg

et
ab

le
 B

as
el

in
e

0.
61

2*
**

0.
02

9
-

-
0.

61
0*

**
0.

02
9

0.
60

9 
**

*
0.

02
9

Se
ek

in
g 

N
on

m
ed

ic
al

 B
as

el
in

e
-

-
0.

46
8*

**
0.

04
0.

40
3*

**
0.

12
2

0.
30

6*
0.

13
6

Pa
tie

nt
-C

lin
ic

ia
n 

In
fo

rm
at

io
n 

E
ng

ag
em

en
t B

as
el

in
e

0.
25

8 
*

0.
10

3
0.

05
0*

0.
02

5
-

-
0.

14
7

0.
15

5

R
-s

qu
ar

ed
44

.5
0%

34
.8

0%
44

.6
0%

44
.7

0%

N
ot

e:

J Health Commun. Author manuscript; available in PMC 2015 December 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Moldovan-Johnson et al. Page 22
* p-

va
lu

e 
<

 .0
5,

**
p-

va
lu

e 
<

 .0
1,

**
* p-

va
lu

e 
<

 .0
01

.

M
od

el
 1

 h
ig

hl
ig

ht
s 

th
e 

m
ai

n 
ef

fe
ct

 o
f 

th
e 

in
de

pe
nd

en
t f

ac
to

r 
on

 th
e 

ou
tc

om
e.

 M
od

el
 2

 f
ea

tu
re

s 
th

e 
ef

fe
ct

 o
f 

th
e 

in
de

pe
nd

en
t f

ac
to

r 
on

 th
e 

m
ed

ia
to

r.
 M

od
el

 3
 h

ig
hl

ig
ht

s 
th

e 
ef

fe
ct

 o
f 

th
e 

m
ed

ia
to

r 
on

 th
e 

ou
tc

om
e 

ex
cl

ud
in

g 
th

e 
ef

fe
ct

 o
f 

th
e 

in
de

pe
nd

en
t f

ac
to

r.
 M

od
el

 4
 a

dd
s 

th
e 

ef
fe

ct
 o

f 
th

e 
in

de
pe

nd
en

t f
ac

to
r.

J Health Commun. Author manuscript; available in PMC 2015 December 01.


