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Abstract

:

Growing evidence suggests that healthcare provider advice may reduce alcohol use, increase physical activity, and improve the adoption of other desirable lifestyle behaviors among patients. However, how brief interventions and other provider–patient interactions can shape the cumulative adoption of multiple modifiable behaviors is less well studied for diabetes prevention and control. Using weighted Internet panel survey data from a large socio-demographically diverse urban population in the United States (n = 1003), the present study describes differences in group characteristics among those who ‘had been ever diagnosed’ with prediabetes/diabetes versus those who had not. It also examines the associations between the cumulative adoption of lifestyle behaviors and each of the following: (a) lifetime prediabetes/diabetes diagnosis; (b) brief lifestyle intervention exposure (i.e., ever received provider encouragement to modify lifestyle behaviors); and (c) recent provider–patient communication about diabetes. There were several group differences among those who ‘had been ever diagnosed’ with prediabetes/diabetes versus those who had not, by age, employment status, health status, nutrition knowledge, blood pressure/hypertension diagnosis, and diabetes-related health behaviors (p < 0.05). Each of the three provider–patient interactions of interest were positively associated with a higher cumulative sum of adopted modifiable lifestyle behaviors for diabetes prevention and management. The results suggest that provider advice/provider–patient interactions of any type can have a salutary impact on whether individuals with prediabetes or type 2 diabetes will engage in recommended lifestyle behavior modifications.






Keywords:


type 2 diabetes; lifestyle behaviors; healthcare provider advice; provider–patient interactions; health care setting; brief lifestyle intervention exposure; diabetes prevention; diabetes management












1. Introduction


Despite decades of strong empirical evidence linking lifestyle choices, such as diet, physical activity, smoking, and drinking, to the risk of developing type 2 diabetes mellitus (T2DM) or its control [1], persuading individuals to adhere to recommended lifestyle behaviors remains a major public health challenge. This is especially true in the United States (U.S.), where adherence to national recommendations on lifestyle actions to prevent and control cardiovascular and other chronic diseases has been historically low [2]. While some progress has been made in getting Americans to engage in healthier lifestyle behaviors in the last decade [3], sociodemographic disparities persist. This is an issue recently highlighted in the American Heart Association’s 2030 Impact Goal [4].



With the global prevalence of T2DM forecasted to reach 7862 individuals per 100,000 by the year 2040 [5], it has become a global priority to disseminate cost-effective and easier-to-implement interventions that can close the gap on these existing T2DM-related disparities. Provider–patient interactions in the health care setting are such an effort and represent a promising avenue to improving population-level lifestyle behaviors, especially for groups that have low levels of adherence to recommended lifestyle behaviors. This is no more apparent than the large body of research demonstrating that advice from physicians or other health professionals in the health care setting (e.g., nurses, dieticians, occupational therapists, etc.) can lead to better lifestyle behavioral outcomes among patients. For example, brief advice from a physician or a healthcare provider with similar credibility has been shown to be effective in reducing alcohol use among patients exposed to this brief intervention [6,7]. Likewise, emerging research points to how provider advice can improve diet and/or physical activity [8,9], as well as other related health outcomes, such as for overweight/obesity [10]. Other forms of provider–patient interactions that appear to be promising for persuading individuals to improve their lifestyle choices include brief lifestyle interventions, whereby physicians/other healthcare providers offer more thorough counseling and patient aids (e.g., assessment and direct feedback, and distribution of educational materials) [11,12]. However, the context and impact of these brief lifestyle interventions for diabetes prevention and management are less well understood than are for brief interventions on adverse health behaviors such as problem drinking; they may also be more complex and less straightforward to implement in practice [13,14]. Furthermore, the linkages between different types of provider–patient interactions and T2DM-related lifestyle behaviors remain unclear, especially among sociodemographically diverse populations.



The present study seeks to address these gaps in health services knowledge and public health practice by using cross-sectional data collected from an Internet panel survey conducted in one of the largest sociodemographically diverse jurisdictions in the U.S. To the best of our knowledge, this study appears to be the first to describe and examine the associations between three types of provider–patient interactions (i.e., lifetime prediabetes/diabetes diagnosis, brief lifestyle intervention exposure, and recent provider–patient communication about diabetes) and cumulative adoption of lifestyle behaviors for the prevention or management of diabetes. We hypothesized that any type of provider–patient interaction will lead to the adoption of several of these lifestyle behaviors, even after controlling for sociodemographic and other individual health characteristics.




2. Materials and Methods


2.1. Dataset


The Internet panel survey dataset used in the present study is a cross-sectional database that has been described previously in another project [15]. The Los Angeles County Department of Public Health (DPH) commissioned a survey firm to assess the sodium-related knowledge, attitudes, and health behaviors of Los Angeles County residents who were a member of a panel of online subscribers during 4–12 August 2016. While the initial objective of the survey was to inform local sodium reduction efforts, relevant information about diabetes and other health conditions was also collected. Respondents from the panel were enrolled via the survey firm’s sampling partner, an organization that worked with a diverse group of globally recognized and business-focused brands to invite everyday consumers into the survey. Only individuals who had a pre-existing relationship with the sampling partner were recruited and enrolled into the study. This recruitment strategy was designed to ensure the highest level of panel quality and representativeness, and to guard against duplication, involvement by fraudulent respondents, and disruptions from professional survey takers.



Only panel subscribers who were 18 years of age or older and who were a resident of Los Angeles County at the time of the survey were emailed an invitation to participate. Interested subscribers were asked to complete a series of screening sociodemographic questions to further determine their eligibility for the survey. This sociodemographic information was part of a targeted quota sampling strategy that enrolled respondents into each of the desired categories (i.e., age, sex, race/ethnicity, income, and Service Planning Area) until saturation was reached. The targets were based on data from the 2013 American Community Survey [16] and the 2011 Los Angeles County Health Survey [17]. The quota targets were also used in the survey weighting process, which considered the age, income, sex/ethnicity, race, children in the household, poverty-level demographic distributions, and Service Planning Area of the recruited residents. Although the 2013 American Community Survey was the mainstay of the survey firm’s quota and weighting schemes, the 2011 Los Angeles County Health Survey provided additional information on demographic trends/distributions that were not available or entirely complete in the U.S. Census (i.e., Service Planning Area-level income, marital status, household size, and number of children in the household).



The survey firm piloted and fielded the survey instrument before disseminating it to the respondents. In total, 2837 panel subscribers clicked on the invitation link, of which 1003 completed the survey, achieving an adjusted participation rate of ~35%. This participation rate was comparable to many web- and population-based surveys that utilized similar sampling approaches [17,18]. This study was reviewed and approved by the Los Angeles County Department of Public Health Institutional Review Board.




2.2. Measures


2.2.1. Dependent Variable


The primary outcome variable was the cumulative sum of adopted modifiable lifestyle behaviors that are thought to be effective or can have a salutary impact on preventing and/or managing diabetes [19,20,21]; in this study’s analyses, ‘diabetes’ refers to T2DM. This dependent variable was measured by asking respondents to indicate if they were “doing any of the following to help to prevent or control diabetes: (1) exercising regularly; (2) controlling their weight; (3) trying to lose weight; (4) reducing their alcohol consumption; (5) reducing their carbohydrate intake; (6) reducing their sugar intake; and/or (7) reducing the number of cigarettes they smoke”. For each lifestyle behavior, respondents had an option to indicate “yes” by clicking on a check box placed next to the behavior (coded as 1); unchecked boxes were classified as “no” and coded as 0. Responses to the seven behaviors were summed and analyzed as a count variable in the multivariable (negative binomial) regression analyses. Variable scores ranged from 0 to 7, with a higher score indicating a respondent engaging in a greater number of adopted modifiable lifestyle behaviors (cumulative sum) that are protective against diabetes/diabetes complications.




2.2.2. Independent Variables


Three distinct provider–patient interaction variables were examined as hypothesized predictors (i.e., the independent variables or the primary regressors of the three negative binomial regression models) of the aforementioned cumulative sum of adopted modifiable lifestyle behaviors.



Lifetime prediabetes/diabetes diagnosis. This variable was measured by asking respondents the following two questions: (1) “Have you ever been told by a doctor or other health professional that you have prediabetes?” and (2) “Have you ever been told by a doctor or other health professional that you have diabetes?”. For each question, respondents had the option to indicate “yes” (coded as 1) or “no” (coded as 0). Responses for each of the two questions were summed into a variable with scores ranging from 0 to 3. A score of 0 indicated that a respondent had not been ever diagnosed with prediabetes or diabetes; a score of 1 indicated that a respondent had been ever diagnosed with either prediabetes or diabetes; and a score of 3 indicated that a respondent had been ever diagnosed with both prediabetes and diabetes. Given that few respondents indicated they had been ever diagnosed with both conditions (n = 10), the variable was dichotomized as: ‘had not been ever diagnosed’ (reference) for a score of 0 and ‘had been ever diagnosed’ for scores of 2 or 3.



Brief lifestyle intervention exposure. This variable assessed the number of modifiable lifestyle behaviors that a respondent was encouraged to engage in by a doctor or other health professional—i.e., behaviors thought to be effective or can have a salutary impact on preventing and/or managing T2DM. Respondents were asked, “Additionally, which of the following has your doctor or another health professional ever encouraged you to do: (1) increase physical activity; (2) lose weight; (3) reduce sodium or salt intake; (4) reduce sugar intake; and 5) reduce carbohydrate intake”. For each lifestyle behavior, respondents had an option to indicate “yes” by clicking on a check box placed next to the behavior (coded as 1); unchecked boxes were classified as “no” and coded as 0. These responses were then summed and analyzed as a count variable in the negative binomial regression analyses. Scores ranged from 0 to 5, with a higher score indicating a respondent having greater exposure to brief lifestyle interventions.



Recent diabetes provider–patient communication. This variable captured whether a respondent had spoken with a healthcare provider about prediabetes/diabetes at least once in the past year. Respondents were asked the following two questions: (1) “In the past 12 months, how many times, if ever, have you [spoken] to a doctor or other health professionals, such as a nurse or pharmacist, about prediabetes?”; and (2) “In the past 12 months, how many times, if ever, have you [spoken] to a doctor or other health professional, such as a nurse or pharmacist, about diabetes?” Response options for each question were “1–2 times”, “3–5 times”, “5 or more times”, and “have not in the past 12 months”. These responses were then dichotomized as ‘no, have not spoken to a health care provider in the past year’ (coded as 0 (reference)) if they responded, “have not in the past 12 months” to both questions; all other responses were categorized as ‘yes, have spoken to a health care provider in the past year’ (coded as 1).




2.2.3. Covariates


The multivariable (negative binomial) regression analyses controlled for the following respondent characteristics:



Health status. The following measures of health status were included in the negative binomial regression analyses: (1) high blood pressure/hypertension status—ever diagnosed with high blood pressure/hypertension by a doctor or health care provider (reference) versus not ever diagnosed; (2) self-reported health status—good/fair/poor (reference) versus excellent/very good; (3) self-reported weight management status—trying to lose weight (reference) versus not trying to lose weight; and (4) self-reported physical activity level—not very active (reference) versus active. The question used to assess high blood pressure/hypertension aligns with an item from a prior study conducted in Los Angeles County [22]. Likewise, the questions used to assess self-reported health status [13,20] and self-reported physical activity level [23] were adapted from similar items in prior studies of Los Angeles County residents. Finally, the question used to assess self-reported weight management status, “Are you currently [trying to lose weight/control weight] to help to prevent or control high blood pressure” was internally developed; it was pretested prior to field implementation.



Nutrition knowledge. This was assessed by asking respondents three questions related to calorie and sodium knowledge. The first two questions asked respondents to indicate their knowledge of daily recommended calories limits (i.e., “In general, an average adult should consume no more than [fill in] calories per day”) and knowledge of daily recommended sodium limits (i.e., “In general, an average adult should consume no more than [fill in response] milligrams of sodium per day”). Responses for both questions were reported as whole number responses. For calorie knowledge, responses of 1800 to 2400 calories were classified as ‘accurate knowledge’ and coded as 1, while all other responses outside of this range were classified as ‘inaccurate knowledge’ and coded as 0. The same question and approach used in the present study to dichotomize the calorie knowledge variable have been described elsewhere previously [15]. Similarly, for sodium knowledge, responses of 1500 to 2300 milligrams of sodium were classified as ‘accurate knowledge’ (coded as 1) and all other responses as ‘inaccurate knowledge’ (coded as 0). The same question and approach to the sodium knowledge variable have also been previously described [15,22]. A third question showed respondents three distinct nutrition fact labels (i.e., with different serving sizes, servings per container, and sodium values) corresponding to three sauces (i.e., Sauce A, Sauce B, and Sauce C). Respondents were asked to indicate which of the three sauces had the least amount of sodium per cup. Responses were coded as 1 if the respondent chose Sauce B (i.e., correct answer because it was the nutrition label with the lowest sodium content) and coded as 0 if the respondent chose Sauce A or Sauce C (i.e., incorrect answer because these nutrition labels contained a higher sodium content than Sauce B). This same question and categorization approach were used in a previous study of Los Angeles County residents [15]. Since the responses to the three questions were highly correlated, they were summed into a variable with scores ranging from 0 to 3, which were categorized as: ‘low knowledge’ (reference) for a score of 0 (i.e., the respondent answered zero of three questions correctly), ‘medium knowledge’ for a score of 1 (i.e., the respondent answered one of three questions correctly), ‘high knowledge’ for a score of 2 (i.e., respondent answered two of three questions correctly), and ‘very high knowledge’ for a score of 3 (i.e., the respondent answered three of three questions correctly).



Frequency of eating restaurant meals. Using questions adapted from a previous study [24], respondents were asked to indicate the number of times in a typical week they eat a meal from: (1) “a sit-down restaurant such as: neighborhood restaurants, chains and fine dining establishments, including take-out and delivery”; and (2)“a meal from a fast-food restaurant or chain, such as McDonald’s, Taco Bell, Subway, or similar including take-out and delivery”. Responses to each of the two questions were reported as a whole number value and summed. In the negative binomial regression analyses, these responses were analyzed as a count variable. Scores ranged from 0 to 30, with a higher score indicating greater weekly fast-food/sit-down restaurant meal consumption.



Food ordering/selection considerations. Three distinct variables capturing respondents’ food ordering/selection decision-making behaviors were included in the negative binomial regression analyses. For the first variable, respondents were asked to indicate how important each of the following are to them when deciding what food to order at a restaurant: (1) amount of salt/sodium in a meal; (2) amount of carbohydrates in a meal; (3) amount of fat in a meal; (4) amount of sugar in a meal; and (5) amount (number) of calories in a meal. Responses for each nutrient were reported as a 5-point Likert scale ranging from “extremely important” (coded as 5) to “not at all important” (coded as 1). The scores for each of the five nutrient questions were then summed. Scores ranged from 5 to 25, with a higher score indicating a greater level of importance. For the second variable, respondents were asked, “When buying packaged products, how often do you use a food label or Nutrition Facts label to help you to decide what food to purchase?” Response options were reported as a 5-point Likert scale ranging from “always” to “never”. Responses were dichotomized as ‘never to about half the time’ (reference) if a respondent indicated “never”, “less than half of the time”, or “about half of the time” and ‘always/most of the time’ if a respondent indicated “always” or “most of the time”. For the third variable, respondents were asked if they were “currently watching or reducing [their] salt intake”. Responses options included “no” (reference) and “yes”.



Sociodemographic characteristics. The following characteristics were included in the analyses: sex (male (reference) and female), age (18–44 years (reference), 45–64 years, 65 years or older), race/ethnicity (White (reference), Black, Hispanic/Latino, Asian/Native Hawaiian or Pacific Islander (ANHOPI), education status (obtained professional degree (reference), high school or less/vocational school, some college or graduated from 2-year college with a degree, graduated with a degree from 4-year college), employment status (full-time (reference), part-time, unemployed/student/homemaker, retired), and marital status (not married or in a domestic partnership (reference), married or in a domestic partnership).





2.3. Data Management and Analyses


STATA version 14.1 (StataCorp LP, College Station, TX, USA) was employed to clean, manage, and analyze the Internet panel survey dataset; the resulting analyses included the use of survey weights. A conceptual framework informed by a literature review guided the study analyses (framework not shown). Descriptive, correlation, factor, and multicollinearity analyses were carried out to inform variable selection and operationalization. This included examining the univariate distributions of all variables included in the analyses (i.e., histograms, frequencies, median, range, standard deviation). A final analytic sample was generated by removing sparse data, outliers, and missing responses for any of the final variables of interest; due to small cell sizes, respondents who identified themselves as “American Indian/Alaskan Native” or “other” were dropped. In the multivariable regression analyses, income was dropped due to it being highly correlated with education. All descriptive and regression analyses were carried out using the final analytic sample (n = 953).



Descriptive analyses were performed to examine weighted percentages and frequencies for categorical variables and weighted medians and interquartile range for continuous/count variables in: (a) the full sample and (b) by whether a respondent had been ever diagnosed with prediabetes/diabetes by a doctor or health professional. To compare sociodemographics, health status, nutrition knowledge, and food consumption/selection/ordering behaviors among respondents who had been ever diagnosed with prediabetes/diabetes versus those who had not, weighted Pearson chi-squared and Kruskal–Wallis tests were performed for categorical and continuous/count variables, respectively. p-values < 0.05 were considered statistically significant in these analyses.



Multivariable regression models were constructed to examine the associations between the dependent variable (cumulative sum of adopted modifiable lifestyle behaviors) and the three independent variables of interest (i.e., lifetime prediabetes/diabetes diagnosis, brief lifestyle intervention exposure, and recent provider–patient communication about diabetes). To generate incidence rate ratios (IRRs) and 95% confidence intervals (CIs), both simple and full negative binomial regression models were constructed, excluding and including covariates, respectively. The negative binomial regression analysis was the model of choice because the dependent variable (outcome) was an over-dispersed count.





3. Results


3.1. Descriptive Results


Survey respondent sociodemographic, health status, nutrition knowledge, and provider–patient communication characteristics are presented in Table 1. In the full sample, over half of respondents were female (51.4%), between 18–44 years of age (53.8%), and currently married/in a domestic partnership (54.4%). The majority were also Hispanic/Latino (38.5%), employed full-time (48.4%), had a high school or vocational level of education (35.6%), and had an annual income <USD 50,000 (45.3%). Most respondents reported having good/fair/poor health status (58.1%), trying to lose weight (55.6%), and were physically inactive (80.4%). The majority of respondents had ‘low’ nutrition knowledge related to calories and sodium (41.3%). About 37.5% of the respondents correctly identified daily calorie recommendations for adults (data not shown in the table), while their ability to accurately identify daily recommended sodium limits in milligrams per day and low sodium foods using a nutrition facts label were about 7.8% and 37.5%, respectively (data not shown in the table). Only about 21.7% had been ever diagnosed with high blood pressure/hypertension. Overall, there were statistically significant differences by age, employment status, perceived general health status, nutrition knowledge, and high blood pressure/hypertension diagnosis among respondents who had been ever diagnosed with prediabetes/diabetes versus those who had not (p < 0.05).



Other respondent characteristics are presented in Table 2. In the full sample, respondents, on average, reported consuming about 3 fast-food/sit-down restaurant meals per week and generated a median score of 16 (out of 25) for the level of importance they placed on considering the nutritional content of foods when they order food at a restaurant. The use of nutritional labels or nutrition facts labeling when buying packaged foods was low; less than half of them reported using the labels (40.8%). A higher percentage indicated currently watching or reducing their salt intake (56.5%). There were several findings for the three provider–patient interactions (i.e., independent variables included in the negative binomial regression models). For lifetime prediabetes/diabetes diagnosis, less than one-sixth indicated they had been ‘ever diagnosed’ with prediabetes/diabetes (13.9%). For brief lifestyle intervention exposure, on average, a doctor or other health professional had recommended that respondents improve about one lifestyle behavior. Additionally, for recent diabetes provider–patient communication, only about one-third (36.1%) had spoken to a doctor or health professional about prediabetes/diabetes within the last year. For the dependent variable of interest (i.e., the cumulative sum of adopted modifiable lifestyle behaviors), on average, respondents reported engaging in one modifiable lifestyle behavior to prevent or control diabetes. Except for using a food or nutrition facts label when buying packaged food products, there were significant group differences for all of these characteristics depending on whether or not a respondent had been ever diagnosed with prediabetes or diabetes (p < 0.05).




3.2. Results from the Multivariable Regression Analyses


Table 3 presents results from the first set of negative binomial regression models in the study, which examined the associations between the cumulative sum of adopted modifiable lifestyle behaviors and lifetime prediabetes/diabetes diagnosis. In both the simple and full models, respondents who ‘had been ever diagnosed’ with prediabetes/diabetes reported adopting more modifiable lifestyle behaviors than those who ‘had not been ever diagnosed’ (simple model Incidence Rate Ratio (IRR) = 1.73, 95% Confidence Interval (CI) = 1.49–2.01); full model IRR = 1.42, 95% CI = 1.22–1.65). Similar results were observed for the other two hypothesized predictors (i.e., the independent variables/ primary regressors in their respective models), brief lifestyle intervention exposure (Table 4) and recent diabetes provider–patient communication (Table 5). There was a positive association between the number of lifestyle behaviors that a doctor or health professional recommended to a respondent and the cumulative sum of adopted modifiable lifestyle behaviors that a respondent reported adopting, in both the simple model (IRR = 1.28, 95% CI = 1.22–1.34) and full model (IRR = 1.21, 95% CI = 1.15–1.27). Additionally, in both the simple and full models, respondents who indicated having recently spoken to a doctor or other health professional within the last year (in the last 12 months) reported adopting more modifiable lifestyle behaviors than their counterparts who had not had a recent communication with a provider regarding diabetes (simple model IRR = 1.84, 95% CI = 1.58–2.14); full model IRR = 1.53, 95% CI = 1.31–1.79). While all three provider–patient interactions were significantly associated with higher cumulative sum of adopted modifiable lifestyle behaviors, it appeared that the magnitude of the impact was highest for those with a ‘recent diabetes patient–provider communication’, followed by those with a ‘lifetime prediabetes/diabetes diagnosis’ and then by those with a ‘brief lifestyle intervention exposure’.





4. Discussion


A myriad of factors can influence individuals’ lifestyle behaviors, from intrapersonal characteristics (e.g., individuals’ knowledge/attitudes) to broader macro-level determinants of health (e.g., physical, social, and food environments) [25]. As such, over the last decade, a variety of multi-pronged approaches have been employed to improve adherence to lifestyle recommendations from U.S. health and public health authorities. These have ranged from the implementation of nutrition- and physical-activity-related policy, system, and environmental change interventions (PSEs) [26] to the scaling of evidence-based lifestyle behavior programs, such as the National Diabetes Prevention Program [27]. The latter, however, can be resource and time intensive, and difficult to establish in the community setting [28]. However, in recent years, brief lifestyle interventions, such as the “Small Steps for Big Changes Program”, have sought to address existing resource and time constraints typically encountered in T2DM lifestyle programs [29].



Finding additional opportunities to better leverage existing infrastructures such as the built environment, local food economies, and the health care system, including the expanded use of brief lifestyle interventions, could offer further innovations that can help lower the risk of T2DM and its costly complications. This combination-driven approach is not necessarily new to health services or public health, but it does require the re-imagining of how clinical care and population health practice fit together, recognizing that a combination of lifestyle changes alongside medical care tailored to the whole person and PSEs targeted at socioeconomic drivers of health inequities are all needed to optimize services for individuals with prediabetes and/or diabetes. Recent U.S. Prevention Services Task Force recommendations support this rationale [30]; they also highlight the importance of provider–patient interactions/communication alongside its previous recommendations on nutrition and physical activity [31] and intervening on social needs [32]. The pursuit of these lifestyle change strategies has global implications beyond what is taking place in the U.S. [33,34,35].



Within this context, the present study sought to better understand how different types of provider–patient interactions can influence individuals’ adoption of lifestyle behaviors to prevent and/or manage T2DM, recognizing that, when these interactions are used strategically to encourage individuals to act, the risk of diabetes and its complications become substantively more preventable and manageable. Two notable study findings speak to this observation.



First, prevention approaches in the form of provider encouragement to individuals to improve and expand their lifestyle behavior choices cumulatively appear feasible and may offer individuals several meaningful pathways to better T2DM control. That is, in the present study, all three provider–patient interactions examined (i.e., lifetime prediabetes/diabetes diagnosis, brief lifestyle intervention exposure, and recent diabetes provider–patient communication) were associated with a higher cumulative sum of adopted modifiable lifestyle behaviors (behavioral changes) among the survey respondents. In addition, the results from the multivariable regression models suggest that all three interactions were not necessarily equal in their magnitude nor in the contribution to the overall impact (odds ratios varied), indicating that the combinations of these interactions may have additive effects; further research is needed to further explore this. Overall, this survey finding points to the possibility of using these provider–patient interactions to further optimize the care of prediabetic/diabetic patients through an emphasis or focus on making several lifestyle changes simultaneously. Previous studies on brief intervention by physicians in the area of problem drinking further lend support for this type of approach [6,7,11].



Second, the study results showed that nutrition knowledge, attitudes, and prior health behavior patterns can be critical for helping individuals with diabetes prevention and management. Considering the nutritional content of food when making restaurant purchasing decisions, for example, was associated with a higher cumulative sum of adopted modifiable lifestyle behaviors (behavioral changes) in the survey. These results provide insights into and are consistent with a growing body of literature that indicates nutrition knowledge, self-efficacy, and quality of food environments all play important roles in shaping how and what people eat [36,37,38,39]. In this regard, investing in individual (micro-level) approaches to combat T2DM remains a critical action. These individual-level interventions should complement, rather than compete with, the sometimes more popular policy/system (macro-level) interventions that have been implemented by federal and state public health agencies during the past two decades, including those focused on childhood obesity prevention [40,41,42] and other chronic disease control targets for the general population [43,44,45].




5. Limitations


The overall design and output of the Internet panel survey were subject to several limitations. First, recall bias and social desirability bias may have been introduced into the survey by the very nature of the Internet panel development process. For example, compared to the general population, enrolled respondents were probably more comfortable with online surveys. Second, due to the web-based platform, there may have been imbalances in the overall demographic composition of the sample. Namely, respondents who replied to the online survey were more likely to be from a higher socioeconomic status (SES) and had better access to the Internet, although efforts were made during the study to reduce this possibility, using sociodemographic quotas in the recruitment process to ensure that some of the lower SES groups were given a chance to participate. Third, some of the survey questions were internally developed, potentially reducing the reliability and validity of these items. However, pretesting was carried out before field implementation, which should have adequately mitigated this concern. Fourth, the assessment of respondent nutrition knowledge did not capture the full breadth of potential measures of knowledge (e.g., knowledge of respondents’ ability to identify various types of high sodium foods). Finally, as with most web-based and population-based surveys, calculating a true response rate was challenging; as such, a participation rate was estimated instead. The final participation rate of the Internet panel survey was comparable to those of other cross-sectional surveys previously conducted in Los Angeles County [46,47].




6. Conclusions


The global burden of T2DM is indisputable. A recent analysis of epidemiologic data from the 2017 Global Burden of Disease Study found that over 6% of the global population is afflicted by this disease, making it the ninth leading cause of morbidity and mortality in the world [5]. Data from this same study also forecasted that the global prevalence of T2DM will continue to climb, making it a growing public health threat for years to come [5]. To respond to this, the health care system and public health infrastructure in the U.S. and around the world will need to improve on the quality of its efforts to design and implement better, more mutually reinforcing combinations of micro- and macro-level interventions. The benefits of provider advice and other provider–patient interactions in the health care setting, for example, could be coupled to PSEs that target socioeconomic drivers of inequities among patients, making clinical care and addressing social needs a linked endeavor rather than as separate interventions delivered by different sectors of providers. The urgent need to innovate and improve diabetes prevention and control has never been more evident than during the most recent COVID–19 pandemic, where uncontrolled T2DM represents a major risk factor for severe SARS-CoV-2 infection and its consequent pathway to hospitalization and death in the U.S. [48,49] and globally [50,51].
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Table 1. Respondent characteristics from a 2016 Internet panel survey in Los Angeles County, by “ever diagnosed” with prediabetes and/or diabetes status.
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	Characteristics
	Full Sample
	‘Had Been Ever Diagnosed’ by a Doctor or Health Professional with Prediabetes/

Diabetes
	‘Had Not Been Ever Diagnosed’ by a Doctor or Health Professional with Prediabetes/

Diabetes
	p-Value a





	
	Weighted % (n)
	Weighted % (n)
	Weighted % (n)
	



	Total
	100 (953)
	13.9 (128)
	86.2 (825)
	



	Sociodemographics
	
	
	
	



	Sex
	
	
	
	0.6347



	    Female
	51.4 (511)
	48.8 (65)
	51.8 (446)
	



	    Male
	48.6 (442)
	51.2 (63)
	48.2 (379)
	



	Age
	
	
	
	<0.0001



	    18–44
	53.8 (522)
	29.2 (48)
	57.7 (474)
	



	    45–64
	31.1 (308)
	36.1 (46)
	30.3 (262)
	



	    65 years or older
	15.2 (123)
	34.7 (34)
	12.0 (29)
	



	Race
	
	
	
	0.6873



	    White
	33.9 (365)
	34.5 (43)
	33.8 (322)
	



	    Black
	11.1 (105)
	14.1 (18)
	10.6 (87)
	



	    Hispanic/Latino
	38.5 (331)
	38.6 (48)
	38.5 (283)
	



	    ANHOPI
	16.6 (152)
	12.9 (19)
	17.1 (133)
	



	Education
	
	
	
	0.1436



	    High school or less/vocational
	35.6 (135)
	34.2 (21)
	35.8 (114)
	



	    Some college/attended 2-year college
	33.9 (267)
	43.4 (47)
	32.4 (220)
	



	    Graduate of 4-year college
	18.5 (349)
	14.3 (41)
	19.2 (308)
	



	    Professional degree
	12.0 (202)
	8.2 (19)
	12.6 (183)
	



	Income
	
	
	
	0.0844



	    USD 24,999 or less
	22.3 (159)
	22.4 (22)
	22.3 (137)
	



	    USD 25,000–49,999
	23.0 (208)
	32.9 (36)
	21.4 (172)
	



	    USD 50,000–74,999
	17.3 (172)
	15.1 (19)
	17.6 (153)
	



	    USD 75,000–99,999
	11.9 (125)
	14.3 (21)
	11.5 (104)
	



	    USD 100,000 or more
	25.6 (260)
	15.2 (27)
	27.3 (233)
	



	Employment status
	
	
	
	<0.0001



	    Employed full-time
	48.4 (516)
	34.2 (52)
	50.7 (464)
	



	    Employed part-time
	14.5 (128)
	18.0 (20)
	14.0 (108)
	



	    Unemployed/student/homemaker
	22.0 (173)
	13.8 (19)
	23.3 (154)
	



	    Retired
	15.0 (136)
	34.0 (37)
	12.0 (99)
	



	Marital status
	
	
	
	0.7528



	    Currently married/domestic partnership
	54.4 (495)
	56.1 (71)
	54.1 (424)
	



	    Not currently married or in domestic

    partnership
	45.6 (458)
	43.9 (57)
	45.9 (401)
	



	Health Status
	
	
	
	



	Perceived general health status
	
	
	
	0.0005



	    Excellent/very good
	41.9 (455)
	24.3 (37)
	44.8 (418)
	



	    Good/fair/poor
	58.1 (498)
	75.7 (91)
	55.3 (407)
	



	Self-reported weight management status
	
	
	
	0.2978



	    Not trying to lose weight
	44.4 (421)
	38.6 (45)
	45.3 (376)
	



	    Trying to lose weight
	55.6 (532)
	61.4 (83)
	54.7 (449)
	



	Perceived physical activity level
	
	
	
	0.5612



	    Active
	19.6 (230)
	17.2 (23)
	20.0 (207)
	



	    Not very active
	80.4 (723)
	82.8 (105)
	80.1 (618)
	



	Nutrition Knowledge
	
	
	
	



	Calorie and sodium knowledge
	
	
	
	0.0100



	    Low knowledge
	41.3 (328)
	28.4 (37)
	43.4 (291)
	



	    Medium knowledge
	37.5 (384)
	53.0 (63)
	35.0 (321)
	



	    High knowledge
	18.3 (202)
	16.1 (23)
	18.6 (179)
	



	    Very high knowledge
	3.0 (39)
	3.0 (5)
	3.0 (34)
	



	Provider–Patient Communication
	
	
	
	



	Ever diagnosed by a doctor or health care provider with high blood pressure or hypertension
	
	
	
	<0.0001



	    No, had not been ever diagnosed
	78.3 (746)
	56.8 (68)
	81.8 (678)
	



	    Yes, had been ever diagnosed
	21.7 (207)
	43.2 (60)
	18.3 (147)
	







Note: Percentages may not add up to the total or 100% due to rounding; reported n’s and percentages are unweighted. a Chi-squared test.
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Table 2. Other respondent characteristics, including self-reported health behaviors, from a 2016 Internet panel survey in Los Angeles County, by “ever diagnosed” with prediabetes and/or diabetes status.
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	Characteristics
	Full Sample
	‘Had Been Ever Diagnosed’ by a Doctor or Health Professional with Prediabetes/

Diabetes
	‘Had Not Been Ever Diagnosed’ by a Doctor or Health Professional with Prediabetes/

Diabetes
	p-Value a





	
	Weighted % (n) or unweighted median [IQR]
	Weighted % (n)

or unweighted median [IQR]
	Weighted % (n)

or unweighted median [IQR]
	



	Total
	100 (953)
	13.9 (128)
	86.2 (825)
	



	Restaurant food consumption frequency
	
	
	
	0.0040



	Number of fast-food and/or sit-down restaurant meals eaten per week
	3 [2]
	3 [3]
	3 [2]
	



	Food ordering/selection considerations
	
	
	
	0.0017



	When ordering food at a restaurant, level of

importance of its nutritional content
	16 [5]
	17 [5]
	16 [5]
	



	Frequency of using food label or nutrition facts label when buying packaged products
	
	
	
	0.1170



	    Never to about half the time
	59.2 (503)
	50.9 (62)
	60.5 (441)
	



	    Always/most of the time
	40.8 (450)
	49.1 (66)
	39.5 (384)
	



	Currently watching or reducing salt intake
	
	
	
	0.0056



	    No, not currently watching or reducing
	43.5 (427)
	28.8 (36)
	45.9 (391)
	



	    Yes, currently watching or reducing
	56.5 (526)
	71.2 (92)
	54.1 (434)
	



	Brief lifestyle intervention exposure
	
	
	
	0.0001



	Number of lifestyle behaviors that a doctor or

health care provider recommended to improve on
	1 [2]
	3 [2]
	1 [2]
	



	Recent diabetes provider–patient communication
	
	
	
	



	Spoke with a doctor or health care provider about prediabetes/diabetes at least once in the last year
	
	
	
	<0.0001



	    No, have not in the past year
	63.9 (655)
	15.6 (21)
	71.7 (634)
	



	    Yes, have in the past year
	36.1 (298)
	84.4 (107)
	28.3 (191)
	



	Lifestyle behaviors (cumulative sum adopted)
	
	
	
	0.0001



	Number of lifestyle behaviors that the respondent is engaging in to prevent or control diabetes
	1 [3]
	3 [2]
	1 [3]
	







Note: Percentages may not add up to the total or 100% due to rounding; reported n’s, medians, and interquartile ranges [IQRs] are unweighted. a Chi-squared test or Kruskal–Wallace test.
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Table 3. Association between the cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes and lifetime prediabetes/diabetes diagnosis: results from a 2016 Internet panel survey of Los Angeles County residents (n = 953).
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	Characteristics
	Simple Model
	Full Model





	
	IRR (95% CI) a
	IRR (95% CI) a



	Dependent Variable

Cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes

Primary Regressor
	
	



	Ever diagnosed by a doctor or health professional with prediabetes and/or diabetes (ref = no, had not been ever diagnosed)
	
	



	    Yes, had been ever diagnosed with prediabetes and/or diabetes
	1.73 (1.49–2.01) **
	1.42 (1.22–1.65) **



	Covariates
	
	



	Sex (ref = male)
	
	



	    Female
	--
	1.00 (0.86–1.16)



	Age (ref = 18–44 years)
	
	



	    45–64 years
	--
	0.92 (0.77–1.10)



	    65 years or older
	--
	1.01 (0.79–1.29)



	Race/ethnicity (ref = White)
	
	



	    Black
	--
	1.01 (0.79–1.29)



	    Hispanic/Latino
	--
	1.02 (0.83–1.25)



	    ANHOPI
	--
	0.90 (0.73–1.12)



	Education status (ref = obtained professional degree)
	
	



	    High school or less/vocational school
	--
	1.08 (0.81–1.45)



	    Some college or graduated from 2-year college with degree
	--
	1.11 (0.90–1.37)



	    Graduated with degree from 4-year college
	--
	1.14 (0.94–1.37)



	Employment status (ref = full time)
	
	



	    Part-time
	--
	1.12 (0.90–1.40)



	    Unemployed/student/homemaker
	--
	1.03 (0.83–1.28)



	    Retired
	--
	1.12 (0.89–1.40)



	Marital status (ref = not married or in a domestic partnership)
	
	



	    Married or in a domestic partnership
	--
	1.10 (0.95–1.27)



	Ever diagnosed by a doctor or health care provider

with high blood pressure or hypertension (ref = yes, ever diagnosed)
	
	



	    No, had not been ever diagnosed
	--
	0.99 (0.83–1.17)



	Self-reported health status (ref = good/fair/poor)
	
	



	    Excellent/very good
	--
	0.94 (0.79–1.11)



	Self-reported weight management status (ref = trying to lose weight)
	
	



	    Not trying to lose weight
	--
	0.77 (0.66–0.91) *



	Perceived physical activity level (ref = not very active)
	
	



	    Active
	--
	1.04 (0.86–1.25)



	Calorie and sodium knowledge (ref = low knowledge)
	
	



	    Medium knowledge
	--
	1.05 (0.89–1.25)



	    High knowledge
	
	1.27 (1.04–1.56) *



	    Very high knowledge
	--
	1.02 (0.72–1.44)



	Number of fast-food and/or sit-down restaurant meals

eaten per week
	--
	1.00 (0.98–1.03)



	When ordering food at a restaurant, level of importance of its nutritional content
	--
	1.05 (1.02–1.07) **



	Frequency of using food label or nutrition facts label when buying packaged products (ref = never to about half the time)
	--
	



	    Always/most of the time
	--
	1.07 (0.91–1.25)



	Currently watching or reducing salt intake (ref = no, not currently watching or reducing)
	
	



	    Yes, currently watching or reducing
	--
	1.48 (1.24–1.76) **







a IRR = Incidence Rate Ratio; 95% CI = 95% Confidence Interval. * p < 0.05 ** p < 0.0001.
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Table 4. Association between the cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes and brief lifestyle intervention exposure: results from a 2016 Internet panel survey of Los Angeles County residents (n = 953).
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	Characteristics
	Simple Model
	Full Model





	
	IRR (95% CI) a
	IRR (95% CI) a



	Dependent Variable

Cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes

Primary Regressor
	
	



	Number of lifestyle behaviors that a doctor or

health care provider recommended to improve on
	1.28 (1.22–1.34) **
	1.21 (1.15–1.27) **



	Covariates
	
	



	Sex (ref = male)
	
	



	    Female
	--
	0.99 (0.85–1.15)



	Age (ref = 18–44 years)
	
	



	    45–64 years
	--
	0.90 (0.75–1.08)



	    65 years or older
	--
	0.99 (0.77–1.27)



	Race/ethnicity (ref = White)
	
	



	    Black
	--
	1.07 (0.83–1.37)



	    Hispanic/Latino
	--
	1.04 (0.86–1.26)



	    ANHOPI
	--
	0.98 (0.79–1.22)



	Education status (ref = obtained professional degree)
	
	



	    High school or less/vocational school
	--
	1.02 (0.77–1.34)



	    Some college or graduated from 2-year college with degree
	--
	1.09 (0.90–1.33)



	    Graduated with degree from 4-year college
	--
	1.11 (0.93–1.32)



	Employment status (ref = full time)
	
	



	    Part-time
	--
	1.16 (0.94–1.42)



	    Unemployed/student/homemaker
	--
	1.01 (0.82–1.25)



	    Retired
	--
	1.19 (0.96–1.47)



	Marital status (ref = not married or in a domestic partnership)
	
	



	    Married or in a domestic partnership
	--
	1.07 (0.92–1.23)



	Ever diagnosed by a doctor or health care provider

with high blood pressure or hypertension (ref = yes, ever diagnosed)
	
	



	    No, had not been ever diagnosed
	--
	1.18 (1.00–1.40)



	Self-reported health status (ref = good/fair/poor)
	
	



	    Excellent/very good
	--
	0.98 (0.83–1.17)



	Self-reported weight management status (ref = trying to lose weight)
	
	



	    Not trying to lose weight
	--
	0.88 (0.75–1.03)



	Perceived physical activity level (ref = not very active)
	
	



	    Active
	--
	1.09 (0.91–1.30)



	Calorie and sodium knowledge (ref = low knowledge)
	
	



	    Medium knowledge
	--
	1.05 (0.89–1.24)



	    High knowledge
	
	1.16 (0.95–1.41)



	    Very high knowledge
	--
	0.99 (0.71–1.38)



	Number of fast-food and/or sit-down restaurant meals

eaten per week
	--
	1.00 (0.98–1.02)



	When ordering food at a restaurant, level of importance of its nutritional content
	--
	1.04 (1.02–1.06) **



	Frequency of using food label or nutrition facts label when buying packaged products (ref = never/less than half the time/about half the time)
	--
	



	    Always/most of the time
	--
	1.05 (0.90–1.22)



	Currently watching or reducing salt intake (ref = no, not currently watching or reducing)
	
	



	    Yes, currently watching or reducing
	--
	1.36 (1.14–1.61) *







a IRR = Incidence Rate Ratio; 95% CI = 95% Confidence Interval. * p < 0.05 ** p < 0.0001.
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Table 5. Association between the cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes and recent diabetes provider–patient communication: results from a 2016 Internet panel survey of Los Angeles County residents (n = 953).






Table 5. Association between the cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes and recent diabetes provider–patient communication: results from a 2016 Internet panel survey of Los Angeles County residents (n = 953).










	Characteristics
	Simple Model
	Full Model





	
	IRR (95% CI) a
	IRR (95% CI) a



	Dependent Variable

Cumulative sum of adopted modifiable lifestyle behaviors to prevent/manage diabetes

Primary Regressor
	
	



	Spoke with a doctor or health care provider about prediabetes or diabetes at least once in the last year (ref = no, has not spoken with a health care provider in the past year)
	
	



	    Yes, has spoken with a health care provider in the past year
	1.84 (1.58–2.14) ***
	1.53 (1.31–1.79) ***



	Covariates
	
	



	Sex (ref = male)
	
	



	    Female
	--
	1.02 (0.88–1.19)



	Age (ref = 18–44 years)
	
	



	    45–64 years
	--
	0.98 (0.82–1.17)



	    65 years or older
	--
	1.10 (0.86–1.41)



	Race/ethnicity (ref = White)
	
	



	    Black
	--
	1.05 (0.82–1.34)



	    Hispanic/Latino
	--
	1.00 (0.83–1.21)



	    ANHOPI
	--
	0.90 (0.73–1.12)



	Education status (ref = obtained professional degree)
	
	



	    High school or less/vocational school
	--
	1.02 (0.78–1.33)



	    Some college or graduated from 2-year college with degree
	--
	1.07 (0.87–1.32)



	    Graduated with degree from 4-year college
	--
	1.11 (0.92–1.34)



	Employment status (ref = full time)
	
	



	    Part-time
	--
	1.17 (0.95–1.44)



	    Unemployed/student/homemaker
	--
	1.03 (0.83–1.27)



	    Retired
	--
	1.12 (0.90–1.38)



	Marital status (ref = not married or in a domestic partnership)
	
	



	    Married or in a domestic partnership
	--
	1.07 (0.93–1.23)



	Ever diagnosed by a doctor or health care provider

with high blood pressure or hypertension (ref = yes, ever diagnosed)
	
	



	    No, had not been ever diagnosed
	--
	1.05 (0.89–1.24)



	Self-reported health status (ref = good/fair/poor)
	
	



	    Excellent/very good
	--
	0.93 (0.79–1.10)



	Self-reported weight management status (ref = trying to lose weight)
	
	



	    Not trying to lose weight
	--
	0.76 (0.66–0.88) ***



	Perceived physical activity level (ref = not very active)
	
	



	    Active
	--
	1.04 (0.87–1.26)



	Calorie and sodium knowledge (ref = low knowledge)
	
	



	    Medium knowledge
	--
	1.07 (0.91–1.26)



	    High knowledge
	
	1.30 (1.08–1.57) **



	    Very high knowledge
	--
	1.14 (0.79–1.63)



	Number of fast-food and/or sit-down restaurant meals

eaten per week
	--
	1.00 (0.98–1.02)



	When ordering food at a restaurant, level of importance of its nutritional content
	--
	1.03 (1.01–1.06) *



	Frequency of using food label or nutrition facts label when buying packaged products (ref = never/less than half the time/about half the time)
	--
	



	    Always/most of the time
	--
	1.09 (0.93–1.28)



	Currently watching or reducing salt intake (ref = no, not currently watching or reducing)
	
	



	    Yes, currently watching or reducing
	--
	1.42 (1.20–1.69) ***







a IRR = Incidence Rate Ratio; 95% CI = 95% Confidence Interval. * p < 0.05 ** p < 0.001 *** p < 0.0001.
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