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Abstract

Objective

The purpose of the study was to determine trends in the prevalence of individual health risk

factors across time and to examine if their associations with mortality have changed over

time.

Methods

Data from the National Health and Nutrition Examination Surveys (NHANES III– 1988–1994

and NHANES 1999–2014; age�20 years) was used to examine differences in the odds

ratio (OR) of 5-year mortality risk associated with various common health risk factors over

the two survey periods using weighted logistic regression analysis adjusting for age, sex,

obesity category and white ethnicity (n = 28,279).

Results

Over 97% of individuals had at least one of the 19 risk factors examined with no difference in

the prevalence over time (P>0.34). The prevalence of lifestyle, social/mental and physical

risk factors (2.2 to 19.1%) increased over time (P<0.0002), while the prevalence of having

physiological risk factors decreased by ~6.5% (P<0.0001). Having any lifestyle or social/

mental risk factor was significantly associated with a higher 5-year OR for mortality risk in

1999–2014, than 1988–94. In particular, having low education or use of mental health medi-

cation were not associated with mortality risk in 1988–94 (P>0.1), but were significantly

associated with a higher 5-year OR for mortality in 1999–2014 (P<0.0001). Conversely,

physiological risk factors were more weakly related with mortality risk in 1988–1994, than

1999–2014. Having any physical risk factor, and poor self-rated health were similarly related

with 5-year mortality risk at both timepoints.

Conclusion

Health risk factors have both increased and decreased in prevalence over time, along with

changes in the association between many of the risk factors and mortality risk. Taken
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together, these changes complicate interpretation of temporal trends and warrant cautious

interpretation of population health patterns based on surveillance data.

Introduction

Surveillance of known risk factors has been a common aim for public health and research. Car-

diovascular disease (CVD) and cancer have consistently been the leading causes of mortality

in the U.S. [1], though the prevalence of CVD mortality has reduced over time [2]. It is well

known that lifestyle and social factors are associated with CVD and cancer risk [3]. However,

little attention to date has been paid to the potential changing association between these risk

factors and morbidity and mortality over time. Indeed, changes in lifestyle behaviours in addi-

tion to the built environment, health care or social programs can all influence many dimen-

sions of chronic health risk [4]. For example, there have been decreases in the prevalence of

CVD risk over time which may be reflective of the improvements in medications and treat-

ments for CVD [5]. These improvements in health care may have made lifestyle behaviours,

such as physical activity and diet, less beneficial over time. Conversely, over a similar time

period, the prevalence of new cancer cases has increased [3], while cancer mortality rates have

declined [6]. Over time, there have also been improvements in the stigma of mental health and

addiction, and public health promotion efforts to decrease smoking [7] and alcohol abuse in

youth [8]. Decreases in stigma and/or later adoption of drug use may result in better care and

lower mortality risk.

Thus, the objective of this study was to examine the changes in the prevalence of various

health risk factors and their association with mortality risk over time.

Methods

Study population

The current study is a cross-sectional comparison of two nationally representative samples

from 1988–1994 versus 1999–2014 with 5-year mortality follow-up. Participant data was

obtained from the publicly available National Health and Nutrition Examination Surveys

(NHANES) III (n = 33,994) and continuous between 1999 and 2014 (n = 82,901), so that

5-year mortality follow-up would be available. All survey participants gave written informed

consent. NHANES III is a nationally representative cross-sectional survey that was conducted

between 1988 and 1994 by the National Center for Health Statistics of the Centers for Disease

Control and Prevention, in persons aged 2 months or older. The Continuous NHANES are a

series of nationally representative cross-sectional surveys that are released biannually starting

in 1999. As this is an analysis of publicly available data, the current study did not require ethics

approval from our institutional review board.

Both surveys are collected using a stratified, multistage, probability cluster design of the

non-institutionalized U.S. population. Data was collected at home interviews and health exam-

inations at Mobile Examination Centers (MEC). Details regarding study design, protocols, lab-

oratory and clinical measurements and analytical guidelines have been previously published

elsewhere [9–11].

Participants were included in the analytical sample if they were 20 years or older

(n = 62,575). Participants were further excluded if they were pregnant or had missing body

mass index (BMI) leaving 48,003 participants. Participants with missing data for lifestyle fac-

tors (physical activity; high fat intake; smoking status; alcohol intake), physiological health risk

PLOS ONE Changes in risk factor prevalence and their associations with all-cause mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0286691 June 2, 2023 2 / 12

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0286691


factors (high blood pressure; hyperglycemia; dyslipidemia; CVD; cancer; lung problems),

social/mental factors (lack of health insurance; low education; food insecurity; low income; use

of mental health medications), physical factors (pain medications; arthritis; limitations of

activities of daily living (>60 yr of age only); obesity) and general health status were excluded

from the analytical dataset, leaving 28,306 participants.

To make the follow-up more comparable between NHANES III and continuous, five-year

mortality status was determined using public access National Center for Health Statistics

(NCHS) Mortality Linkage Files with follow-up to December 31 at years 2006, 2011, 2015 and

2019. Follow-ups were truncated at 5 years. Deaths that occurred after a follow-up of greater

than 5 years were recoded as censored events. Individuals with less than 5-year follow-up were

excluded from the analytical dataset, leaving 28,279 participants.

Defining health risk factors

Health risk factors were chosen because they are common health risk factors that were consis-

tently available across all survey years. Risk factors are classified as the absence (0) or presence

(1) of any of the risk factors within these 4 categories:

Lifestyle–no physical activity; high fat diet; current smoking; alcohol consumption

Physiological–high blood pressure; hyperglycemia; dyslipidemia; CVD; cancer; lung

problems

Social/Mental–lack of health insurance; low education; food insecurity; low income; use of

mental health medication

Physical–arthritis; use of pain medication; obesity; limitations of activities of daily living

(> 60 only).

General self-rated health reported as: excellent, very good, good, fair and poor, was re-cate-

gorized as poor or not poor self-rated health.

Lifestyle risk factors

Physical activity was self-reported as the amount of moderate/vigorous leisure time

physical activity over the past month. Those reporting none were categorized as ‘No Physical

Activity’. High fat diet was classified as a fat consumption of greater than 35% of total calories

from the diet records. Current smoking status was assessed by self-report. Excessive alcohol

consumption was classified as consuming greater than an average of 2 drinks on the days they

consume alcohol for men and greater than 1 drink per day for women over the past 12 months

[12].

Physiological risk factors

Blood pressure, fasting glucose, triglycerides, cholesterol, LDL and HDL were assessed at the

mobile exam center and analyzed using standard methods [13]. High blood pressure was clas-

sified as measured blood pressure > = 140/90 mmHg [14], self-report diagnosed hypertension

or use of hypertensive medication. High lipid was classified as measured fasting cholesterol >

= 5.2 mM [15], triglycerides > = 2.0 mM [15], self-report diagnosed high cholesterol or use of

lipid medication. High fasting glucose was classified as measured blood glucose > = 6.1 mM

[16], self-report diagnosed diabetes or use of diabetic medication. Self-reported CVD was clas-

sified as ever having myocardial infarction, coronary or congenital heart disease, or stroke, or

reported use of CVD medications. History of any cancer was assessed by self-report. Lung dis-

ease was self-reported history of emphysema or chronic bronchitis.
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Social/Mental risk factors

Participants were asked about their access to health insurance (none versus any), highest edu-

cational attainment (less than high school versus high school or more), income (Poverty

Income Ratio (PIR) > = 1.3) [17] and food insecurity (any food insecurity versus none). Use

of mental health medications was considered as self-reported use of anxiety, antipsychotic or

depression medications.

Physical risk factors

Limitations in activities of daily living (ADL) were assessed in adults over 60 years of age [18]

and were classified as difficulties with any of the following: walking for a quarter mile; walking

up ten steps; stooping, crouching or kneeling; lifting or carrying; house chores; preparing

meals; managing money; walking between rooms on the same floor; standing up from an arm-

less chair; getting in and out of bed; using a fork, knife or drinking from a cup; or dressing

themselves. This list was used as these ADLs were asked in all surveys.

Individuals were asked to self-report arthritis and use of pain medication. Obesity was clas-

sified as having a body mass index (BMI) over 30 kg/m2 [19]. Measured height and weight

were assessed using standard protocols [20].

Statistical analysis

Prevalence for each health risk factor and category were determined for NHANES III and

averaged over four-year periods for NHANES continuous to improve the stability of the esti-

mated prevalence, particularly for risk factors that were more rare. Linear regression was used

to determine differences in prevalence over time within the samples combined. Logistic regres-

sion models were used to estimate the 5-year odds ratios (OR) with 95% confidence intervals

for all-cause mortality with adjustment for age, sex (male versus female), BMI category (under-

weight, normal weight, overweight and obesity) and white ethnicity separately within the

NHANES III and Continuous cycles. Estimates stratified by survey (i.e., NHANES III and con-

tinuous separately) were weighted to be nationally representative. For analyses comparing the

two surveys (NHANES III and continuous differences), it was not possible to weight the analy-

sis to be nationally representative. Statistical analyses were performed using the SAS statistical

software (version 9.4; SAS Institute, Cary, NC) with significance defined at p<0.05.

Results

Characteristics of the NHANES III and continuous surveys 1999–2014 are presented in

Table 1. The weighted prevalence of all 19 risk factors were categorized into 4 categories: Life-

style, Physical, Physiological, and Mental/Social. Changes in prevalence over time was noted in

18 of the 19 health risk factors in men and/or women (P<0.05, Table 1). Over 97% of individ-

uals had at least one of the 19 risk factors at all time points with no difference in the prevalence

of having any risk factor over time (P>0.34, M: 98.1 to 98.8%; F: 98.1 to 97.5%). Self-reported

‘poor’ health subtly decreased in prevalence over the study period in both men and women

(P<0.02, M: 14.3 to 13.9%; F: 16.3 to 14.2%), with no sex difference.

Figs 1 and 2 show the differences in the prevalence of the various risk factor categories and

individual risk factors. The prevalence of lifestyle risk factors (M: 81.3 to 83.6%; F: 77.8 to

86.2%), social/mental risk factors (M: 38.1 to 48.7%; F: 38.3 to 51.6%) and physical factors (M:

33.3 to 52.5%; F: 43.9 to 59.0%) increased between 1988–1994 to 2011–2014 (P<0.0002), while

the prevalence of having physiological risk factors decreased (M: 85.2 to 78.6%; F: 85.7 to

79.3%, P<0.0001) over the same time frame. Overall, having lifestyle and physical factors were
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more common in women than men (P<0.03), while there were no sex differences for social/

mental, physiological or any health risk factors (P>0.05).

Within lifestyle factors, lack of physical activity and excessive alcohol consumption

increased in prevalence (P<0.0001), while smoking decreased in prevalence in men and

women (P<0.02) and the prevalence of consuming of a high fat diet decreased from 49 to 44%

in only men (P<0.0001, Fig 1).

Within physiological risk factors, having high blood pressure or glucose or cancer increased

in prevalence, while having high lipids decreased in prevalence (Fig 1). The presence of CVD

tended to decrease between NHANES III (1998–1994) and NHANES continuous 1999–2000

and then increased, but was generally lower in 2011–2014 than NHANES III in women, while

lung disease did not change in prevalence over time (P>0.05).

For social/mental risk factors, there was an increase in the prevalence of individuals without

health insurance, with food insecurity and taking mental health medications (Fig 2,

P<0.0001), while there was a decrease in the prevalence of those with less than a high school

education (P<0.0001). There was a modest but significant decline in the prevalence of low

income in females (P<0.0001), but no significant change in men over time (P = 0.3).

For physical risk factors (Fig 2), use of pain medications, arthritis and obesity all signifi-

cantly increased in prevalence over time in both men and women, while there was a decrease

in ADL problems in adults over 60 years of age (P<0.05).

Over the 5-year follow-up there were 1319 deaths. The 5-year odds ratios for all-cause mor-

tality are presented in Table 2. There were no deaths in those without any of the 19 risk factors.

As compared to NHANES III (1988–1994), having any risk factors in NHANES continuous

was associated with 30% lower odds of 5-year mortality (OR = 0.71, 0.6–0.8; P<0.0001).

Having any lifestyle risk factor was significantly associated with increased 5-year OR for

mortality risk in 1999–2014, but not 1988–94 (Table 2). Specifically, the 5-year OR for

Table 1. Participant characteristics between 1988–94 to 2011–14 in men and women.

Men 1988–94 99–02 03–06 07–10 11–14 p Trend over Time

Age 43.8 (0.5) 42.5 (0.4) 43.7 (0.6) 44.6 (0.4) 49.4 (0.6) 0.07

BMI 26.5 (0.1) 27.4 (0.1) 28.2 (0.2) 28.6 (0.2) 28.7 (0.2) <0.0001

Health Factor (#) 2.4 (0.1) 2.4 (0.1) 2.5 (0.1) 2.6 (0.1) 2.6 (0.1) <0.0001

Health Risk factor (%)

Lifestyle 81.3 (1.1) 81.7 (1.3) 81.1 (0.8) 84.0 (1.0) 83.6 (1.0) <0.0001

Physiological 85.2 (1.3) 75.4 (1.3) 74.0 (1.2) 75.8 (0.9) 78.6 (1.4) <0.0001

Social/Mental 38.1 (1.8) 45.1 (1.9) 45.3 (1.6) 46.7 (1.5) 48.7 (2.1) 0.0002

Physical 33.3 (1.2) 38.8 (1.1) 47.4 (1.6) 49.4 (1.5) 52.5 (1.6) <0.0001

No Risk Factors 1.9 (0.4) 2.7 (0.6) 2.4 (0.4) 2.1 (0.4) 1.2 (0.3) 0.82

Women 1988–94 99–02 03–06 07–10 11–14 p Trend over Time

Age 44.8 (0.6) 43.4 (0.4) 44.8 (0.5) 45.2 (0.6) 50.3 (0.6) 0.03

BMI 26.4 (0.2) 27.6 (0.2) 27.9 (0.2) 28.1 (0.1) 29.0 (0.2) <0.0001

Health Factor (#) 2.5 (0.1) 2.5 (0.1) 2.6 (0.1) 2.6 (0.1) 2.8 (0.1) <0.0001

Health Risk Factor (%)

Lifestyle 77.8 (1.1) 84.4 (1.1) 83.8 (1.2) 87.5 (1.0) 86.2 (1.3) <0.0001

Physiological 85.7 (1.1) 76.2 (1.1) 73.3 (1.4) 74.3 (0.9) 79.3 (1.3) <0.0001

Social/Mental 38.3 (1.7) 45.0 (1.8) 47.6 (1.9) 50.8 (1.2) 51.6 (2.4) <0.0001

Physical 43.9 (1.5) 48.6 (1.2) 53.7 (1.1) 51.7 (1.2) 59.0 (1.6) <0.0001

No Risk Factors 1.9 (0.4) 2.5 (0.5) 1.8 (0.3) 1.4 (0.3) 2.5 (0.4) 0.34

Values presented are weighted means (SE). Differences by survey are tested using unweighted analyses (P<0.05).

https://doi.org/10.1371/journal.pone.0286691.t001
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mortality risk were all higher for lack of exercise, smoking and excessive alcohol consumption

in 1999–2014 than 1988–94. Consumption of a high fat diet was not associated with 5-year

mortality risk at either time point.

Social and mental factors were also associated with increased mortality risk at both time-

points (P�0.0001, Table 2), with a subtly higher OR in the later survey years. In particular,

having low education or use of mental health medication were not associated with mortality

risk in 1988–94 (P>0.1), but were significantly associated with a higher 5-year OR for mortal-

ity in 1999–2014 (P<0.0001).

Having any physiological risk factor was strongly associated with increased mortality risk in

1988–1994, but was more weakly related in 1999–2014 (P<0.02; Table 2). Most of the physio-

logical risk factors were similarly related with mortality risk at both timepoints, though they

generally tended to have a lower 5-year OR for mortality at the later timepoint.

Having any physical risk factor, the individual physical risk factors and poor self-rated

health were similarly related with 5-year mortality risk at both timepoints (Table 2).

Discussion

The prevalence of individuals who are free of all of the 19 examined risk factors was less than

3%, at all time points. The prevalence of the various risk factors varied in the absolute preva-

lence and changes over time. The prevalence of poor self-rated health was generally ~15%

across the study period. The 5-year mortality risk associated with these risk factors also varied

over time. This demonstrates that there may not only be changes in the prevalence of risk fac-

tors, but also differences in how certain risk factors relate with mortality risk over time.

Fig 1. Changes in the prevalence of having any health risk factors, poor self-rated health, lifestyle risk factors and physiological risk factors between

1988–1994 (NHANES III) and 2011–14 (NHANES continuous). Each prevalence datapoint is weighted to be nationally representative. NH3 = NHANES III

(1988–1994). BP = Blood Pressure; CVD = Cardiovascular Disease.* Significant trend over time were examined with unweighted analyses (P<0.05). † Sex main

effect (P<0.05).

https://doi.org/10.1371/journal.pone.0286691.g001
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Public health has had a long focus on health promotion that has targeted lifestyle behav-

iours, such as physical activity, diet, smoking and excessive alcohol use [3], with variable suc-

cess over time. Tobacco control has been one of the more successful programs [7] and the

current study observed that the prevalence of smoking decreased from 32 to 22% in men and

27 to 18% in women. On the other hand, the prevalence of physical inactivity and excessive

alcohol consumption has increased by 15% and 10%, respectively, since NHANES III (1988–

94), while the prevalence of low fat diets were relatively consistent over the study period

(~45%). The popularity of low fat diets first began in the 1960s when the link between high fat

diets and CVD was first discovered [21]. Of late, the wisdom of prescribing low fat diets for

health and particularly for obesity management has been called into question [22]. In this

study, consuming a high fat diet was the only examined lifestyle factor that was not signifi-

cantly associated with mortality risk at either time point. This may be due, in part, to differ-

ences in the association between high saturated versus high unsaturated fat with CVD [23].

Further, improvements in the treatment of CVD have likely reduced the negative impact of

high fat diets [24, 25]. In fact, the association between cardiovascular risk factors (i.e., high

blood pressure, high glucose, high lipid) and prevalent CVD with 5-year mortality risk was

reduced over time. This is fortunate given the increased prevalence of high blood pressure and

high glucose. Despite the higher rate of some CVD risk factors, there is a decreasing rate of

premature heart disease mortality [25]. Nevertheless, heart disease is still the leading cause of

death in the United States [26], and thus, understanding changes in the way risk factors relate

with mortality risk over time warrants further investigation.

Many studies in the literature report that men consume more servings of alcohol than

women and are more likely to have excessive consumption [27]. However, the dietary

Fig 2. Changes in the prevalence of having any Social/Mental and physical risk factors between 1988–1994 (NHANES III) and 2011–14 (NHANES

continuous). Each prevalence datapoint is weighted to be nationally representative. NH3 = NHANES III (1988–1994). ADL = Activities of Daily Living. *
Significant trend over time were examined with unweighted analyses (P<0.05). † Sex main effect (P<0.05).

https://doi.org/10.1371/journal.pone.0286691.g002
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guidelines for Americans [12] suggest that women should consume less servings of alcohol

when they drink due to their smaller size and slower alcohol clearance [28]. Thus, in our study

that used sex-specific cut-offs for alcohol, we observed that excessive alcohol was more preva-

lent in women, and has increased over time. Excessive alcohol consumption has been cited to

be associated with increased mortality risk, CVD, cancer and injuries [29]. In the current

study, excessive alcohol consumption was associated with higher mortality risk in 1999–2014,

but not in 1988–1994. This is problematic when you consider the increased mortality risk in

conjunction with the increased prevalence. Reasons for the changes in the pattern of alcohol

consumption or the association with mortality risk is unclear, but may reflect differences in

the types of alcohol consumed over time or perhaps differences in the reasons why individuals

consume alcohol. Though not examined in this study, this may reflect greater incidence of

negative health impacts of binge drinking or alcohol addiction [30, 31]. Alcohol is also a com-

mon coping mechanism for stress [32], and thus, excessive alcohol intake may be an indicator

of other issues that contribute to poor health, particularly in later years. In fact, some more

recent guidelines suggest even lower limits of no more than 2 servings per week [33], and that

for cancer, there may be no safe limits for alcohol consumption [34, 35]. More work is needed

to clarify the optimal amounts of alcohol consumption and health and to determine whether

there are changes over time.

Table 2. Odds ratios for 5-year mortality risk in 1988–94 and 1999–2014.

NH3 1988–94 5 yr OR (95% CI) P NHC 1999–2014 5 yr OR (95% CI) P

Lifestyle Factors 1.41 (1.0–2.0) 0.07 2.63 (2.0–3.5) < .0001

No Exercise 1.92 (1.4–2.6) 0.0001 2.53 (2.1–3.1) < .0001

High Fat Diet 1.18 (0.9–1.5) 0.22 0.93 (0.8–1.1) 0.44

Smoking 1.69 (1.2–2.5) 0.01 2.41 (1.9–3.1) < .0001

Excessive Alcohol 0.97 (0.6–1.5) 0.87 1.39 (1.1–1.8) 0.01

Social/Mental Factors 1.66 (1.3–2.2) 0.001 2.20 (1.8–2.7) < .0001

No Health Insurance 2.02 (0.8–5.2) 0.14 1.85 (1.3–2.7) 0.001

Low Education 1.27 (0.9–1.7) 0.13 1.99 (1.5–2.6) < .0001

Food Insecure 2.44 (1.3–4.4) 0.004 2.27 (1.8–2.9) < .0001

Low Income 2.03 (1.4–3.0) 0.0004 2.55 (2.1–3.1) < .0001

Mental Health Med 0.87 (0.3–2.4) 0.78 1.65 (1.3–2.1) < .0001

Physiological Factors 3.52 (1.6–7.6) 0.002 1.65 (1.1–2.5) 0.02

Cancer 1.40 (1.0–2.0) 0.07 1.49 (1.2–1.8) 0.0003

CVD 2.12 (1.6–2.8) < .0001 1.74 (1.4–2.2) < .0001

Lung Disease 2.33 (1.6–3.5) < .0001 2.07 (1.6–2.7) < .0001

High BP 1.96 (1.4–2.7) 0.0001 1.69 (1.3–2.1) < .0001

High Glucose 2.03 (1.4–2.9) 0.0003 1.64 (1.3–2.0) < .0001

High Lipid 1.43 (1.0–2.1) 0.07 0.97 (0.8–1.2) 0.77

Physical Factors 1.93 (1.4–2.7) 0.001 1.88 (1.4–2.5) < .0001

Arthritis 1.14 (0.8–1.7) 0.50 1.28 (1.0–1.6) 0.02

Pain Medication 0.82 (0.5–1.4) 0.46 1.19 (0.9–1.5) 0.16

ADL Problem 2.00 (1.4–2.9) 0.0003 2.13 (1.6–2.8) < .0001

ADL Problem (>60 yr) 2.3 (2.5–3.5) 0.0002 2.47 (1.9–3.3) < .0001

Obesity 1.05 (0.8–1.4) 0.77 1.15 (1.0–1.4) 0.10

Poor Health 2.97 (2.1–4.2) < .0001 3.28 (2.6–4.1) < .0001

ADL = Activities of Daily Living; BP = Blood Pressure; CVD = Cardiovascular Disease

Models were adjusted for age, sex, BMI category and white ethnicity, and weighted within each survey separately.

https://doi.org/10.1371/journal.pone.0286691.t002
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Use of mental health medications was also only significantly associated with 5-year mortal-

ity risk at the second survey, indicating a greater mortality risk associated with the use of men-

tal health medications over time. This may be, in part, due to the overall low prevalence

(<2%), and thus, low number of deaths in those taking mental health medications in 1988–

1994 versus 1999–2014. However, individuals taking mental health medications are also more

likely to have low education [36] and smoking [37], both factors which were also more strongly

associated with mortality risk over time. These changes may reflect changes in access to care or

perhaps decreases in stigma around mental health issues [38] and the importance of seeking

treatment [39]. However, these changes in mortality risk may also suggest that the severity and

negative effects of mental health issues may be more detrimental over time. Despite improve-

ments in stigma, there is still significant stigma within health care that can lead to delays in the

diagnosis and treatment of non-mental health conditions in patients with mental health dis-

ease [39]. A recent systematic review suggests that there are suboptimal adoption of the clinical

guidelines [40]. Thus, it appears that improvements in care and treatment for mental health

conditions may be needed.

The most dramatic difference in mortality risk was the decreased strength of association

between having any physiological risk factor and mortality risk. Each of the cardiometabolic

risk factors and lung disease each had modestly lower ORs for 5-year mortality risk in 1999–

2014 than 1988–1994. These observations mirror other studies that report a decreasing preva-

lence of CVD mortality in the U.S. [41]. Improvements in CVD prevention and treatment are

likely contributors to this improvement. There are concerns that declines in CVD may be

derailed by the increasing prevalence of diabetes in the U.S. [41]. However, we observed that

the association between diabetes and 5-year mortality risk is also decreasing in strength. Thus,

the increased prevalence of risk factors in the population, may or may not translate into greater

population mortality burden.

Strengths and limitations

Strengths and limitations of the current study warrant mention. NHANES is designed to be rep-

resentative of the U.S. population, and thus, is ideal for examining changes in the prevalence of

health risk factors over time. One of the primary assumptions of mortality analyses using cox

proportional hazards is that the relative risk is constant over time [42]. However, our study

demonstrates that this assumption may not hold true for all health risk factors. One limitation is

that the reference groups for our analyses differed between time points. Thus, the risk ratios are

a reflection of changes in the mortality risk for those with and without the condition examined.

Nevertheless, these analyses are still reflections of the associations of the risk factors within each

timepoint examined, with some analyses changing in their statistical significance. Further stud-

ies should examine how the clustering of these risk factors act together in changing mortality

risk over time, and perhaps sub-populations wherein these observations may differ.

Conclusions

This study demonstrates that developments in health care, social programs and the built envi-

ronment may have altered how traditional risk factors relate to health and mortality over time.

Thus, attention to not only the changing prevalence of traditional risk factors, but also exami-

nation of how these risk factors change in their association with morbidity and mortality is

needed.

Author Contributions

Conceptualization: Winnie W. Yu, Rubin Pooni, Jennifer L. Kuk.

PLOS ONE Changes in risk factor prevalence and their associations with all-cause mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0286691 June 2, 2023 9 / 12

https://doi.org/10.1371/journal.pone.0286691


Formal analysis: Winnie W. Yu, Jennifer L. Kuk.

Methodology: Winnie W. Yu, Chris I. Ardern.

Project administration: Rubin Pooni, Jennifer L. Kuk.

Supervision: Chris I. Ardern, Jennifer L. Kuk.

Writing – original draft: Winnie W. Yu.

Writing – review & editing: Winnie W. Yu, Rubin Pooni, Chris I. Ardern, Jennifer L. Kuk.

References
1. Heron M. Deaths: Leading Causes for 2019. Natl Vital Stat Reports. 2021; 70: 1–113. Available: https://

www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-09-508.pdf PMID: 34520342

2. Nticational Center for Health Statiss. Heart Disease Prevalence. 2022 [cited 27 Mar 2023]. Available:

https://www.cdc.gov/nchs/hus/topics/heart-disease-prevalence.htm

3. National Center for Chronic Disease Prevention and Health Promotion. How You Can Prevent Chronic

Diseases. 2023 [cited 6 Apr 2023]. Available: https://www.cdc.gov/chronicdisease/about/prevent/index.

htm

4. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et al. 2019 ACC/AHA

guideline on the primary prevention of cardiovascular disease: A report of the American College of Car-

diology/American Heart Association Task Force on clinical practice guidelines. Circulation. 2019.

https://doi.org/10.1161/CIR.0000000000000678 PMID: 30879355

5. Mensah GA, Wei GS, Sorlie PD, Fine LJ, Rosenberg Y, Kaufmann PG, et al. Decline in cardiovascular

mortality: Possible causes and implications. Circ Res. 2017; 120: 366–380. https://doi.org/10.1161/

CIRCRESAHA.116.309115 PMID: 28104770

6. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin. 2023; 73: 17–48.

https://doi.org/10.3322/caac.21763 PMID: 36633525

7. Centers for Disease Control and Prevention. Tips Impact and Results. 2023 [cited 27 Mar 2023]. Avail-

able: https://www.cdc.gov/tobacco/campaign/tips/about/impact/campaign-impact-results.html

8. Centers for Disease Control and Prevention. About CDC’s Alcohol Program. 2022 [cited 27 Mar 2023].

Available: https://www.cdc.gov/alcohol/about.htm

9. Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D, Dohrmann SM, et al. National

Health and Nutrition Examination Survey: Analytic Guidelines, 1999–2010. Vital Heal Stat 2. 2013; 1–

24. Available: https://www.cdc.gov/nchs/data/series/sr_02/sr02_161.pdf PMID: 25090154

10. Zipf G, Chiappa M, Porter KS, Lewis BG, Ostchega Y, Dostal J. National Health and Nutrition Examina-

tion Survey: Plan and Operations, 1999–2010. Vital Heal Stat 1. 2013; 1–37. Available: https://www.

cdc.gov/nchs/data/series/sr_01/sr01_056.pdf PMID: 25078429

11. National Center for Health Statistics. Continuous NHANES. 2023 [cited 8 Apr 2023]. Available: https://

wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx

12. U.S. Department of Agriculture. Dietary Guidelines for Americans, 2020–2025. 2020. Available: https://

www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.

pdf

13. National Center for Health Statistics. Laboratory Data—Continuous NHANES. 2023 [cited 8 Apr 2023].

Available: https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Laboratory

14. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C, Handler J, et al. 2014 evi-

dence-based guideline for the management of high blood pressure in adults: Report from the panel

members appointed to the Eighth Joint National Committee (JNC 8). JAMA. 2014; 311: 507–520.

https://doi.org/10.1001/jama.2013.284427 PMID: 24352797

15. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on the management of

blood cholesterol: A report of the American College of Cardiology/American Heart Association Task

Force on clinical practice guidelines. Circulation. 2019; 139: e1082–e1143. https://doi.org/10.1161/CIR.

0000000000000625 PMID: 30586774

16. Punthakee Z, Goldenberg R, Katz P. Definition, classification and diagnosis of diabetes, prediabetes

and metabolic syndrome. Can J Diabetes. 2018; 42: S10–S15. https://doi.org/10.1016/j.jcjd.2017.10.

003 PMID: 29650080

PLOS ONE Changes in risk factor prevalence and their associations with all-cause mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0286691 June 2, 2023 10 / 12

https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-09-508.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr70/nvsr70-09-508.pdf
http://www.ncbi.nlm.nih.gov/pubmed/34520342
https://www.cdc.gov/nchs/hus/topics/heart-disease-prevalence.htm
https://www.cdc.gov/chronicdisease/about/prevent/index.htm
https://www.cdc.gov/chronicdisease/about/prevent/index.htm
https://doi.org/10.1161/CIR.0000000000000678
http://www.ncbi.nlm.nih.gov/pubmed/30879355
https://doi.org/10.1161/CIRCRESAHA.116.309115
https://doi.org/10.1161/CIRCRESAHA.116.309115
http://www.ncbi.nlm.nih.gov/pubmed/28104770
https://doi.org/10.3322/caac.21763
http://www.ncbi.nlm.nih.gov/pubmed/36633525
https://www.cdc.gov/tobacco/campaign/tips/about/impact/campaign-impact-results.html
https://www.cdc.gov/alcohol/about.htm
https://www.cdc.gov/nchs/data/series/sr_02/sr02_161.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25090154
https://www.cdc.gov/nchs/data/series/sr_01/sr01_056.pdf
https://www.cdc.gov/nchs/data/series/sr_01/sr01_056.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25078429
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2020-12/Dietary_Guidelines_for_Americans_2020-2025.pdf
https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Laboratory
https://doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1161/CIR.0000000000000625
http://www.ncbi.nlm.nih.gov/pubmed/30586774
https://doi.org/10.1016/j.jcjd.2017.10.003
https://doi.org/10.1016/j.jcjd.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29650080
https://doi.org/10.1371/journal.pone.0286691


17. Fryar CD, Wright JD, Eberhardt MS, Dye BA. Trends in nutrient intakes and chronic health conditions

among Mexican-American adults, a 25-year profile: United States, 1982–2006. Natl Health Stat Report.

2012; 1–21. Available: https://www.cdc.gov/nchs/data/nhsr/nhsr050.pdf PMID: 22803223

18. National Center for Health Statistics. National Health and Nutrition Examination Survey: 2015–2016

Data Documentation, Codebook, and Frequencies. 2017. Available: https://wwwn.cdc.gov/Nchs/

Nhanes/2015-2016/PFQ_I.htm#PFQ061I

19. National Center for Chronic Disease Prevention and Health Promotion. Defining Adult Overweight &

Obesity. 2022 [cited 8 Apr 2023]. Available: https://www.cdc.gov/obesity/basics/adult-defining.html

20. National Center for Health Statistics. Examination Data—Continuous NHANES. 2022 [cited 8 Apr

2023]. Available: https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Examination

21. La Berge AF. How the ideology of low fat conquered America. J Hist Med Allied Sci. 2008; 63: 139–177.

https://doi.org/10.1093/jhmas/jrn001 PMID: 18296750

22. Brouns F. Overweight and diabetes prevention: Is a low-carbohydrate–high-fat diet recommendable?

Eur J Nutr. 2018; 57: 1301–1312. https://doi.org/10.1007/s00394-018-1636-y PMID: 29541907

23. Li Y, Hruby A, Bernstein AM, Ley SH, Rimm EB, Willett WC, et al. Saturated fat as compared with unsat-

urated fats and sources of carbohydrates in relation to risk of coronary heart disease: A prospective

cohort study. J Am Coll Cardiol. 2015; 66: 1538–48. https://doi.org/10.1016/j.jacc.2015.07.055 PMID:

26429077

24. Schwalm JD, McKee M, Huffman MD, Yusuf S. Resource effective strategies to prevent and treat car-

diovascular disease. Circulation. 2016; 133: 742–755. https://doi.org/10.1161/CIRCULATIONAHA.115.

008721 PMID: 26903017

25. Ritchey MD, Wall HK, George MG, Wright JS. US trends in premature heart disease mortality over the

past 50 years: Where do we go from here? Trends Cardiovasc Med. 2020; 30: 364–374. https://doi.org/

10.1016/j.tcm.2019.09.005 PMID: 31607635

26. National Center for Health Statistics. Leading Causes of Death. 2023 [cited 27 Mar 2023]. Available:

https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm

27. Wilsnack RW, Wilsnack SC, Kristjanson AF, Vogeltanz-Holm ND, Gmel G. Gender and alcohol con-

sumption: Patterns from the multinational GENACIS project. Addiction. 2009; 104: 1487–1500. https://

doi.org/10.1111/j.1360-0443.2009.02696.x PMID: 19686518

28. Centers for Disease Control and Prevention. Excessive Alcohol Use is a Risk to Women’s Health. 2022

[cited 27 Mar 2023]. Available: https://www.cdc.gov/alcohol/fact-sheets/womens-health.htm

29. Centers for Disease Control and Prevention. Dietary Guidelines for Alcohol. 2022 [cited 27 Mar 2023].

Available: https://www.cdc.gov/alcohol/fact-sheets/moderate-drinking.htm

30. White AM, Slater ME, Ng G, Hingson R, Breslow R. Trends in alcohol-related emergency department

visits in the United States: Results from the Nationwide Emergency Department Sample, 2006 to 2014.

Alcohol Clin Exp Res. 2018; 42: 352–359. https://doi.org/10.1111/acer.13559 PMID: 29293274

31. Kochhar R, Fry R. Wealth inequality has widened along racial, ethnic lines since end of Great Reces-

sion. 2014 [cited 27 Mar 2023]. Available: https://www.pewresearch.org/fact-tank/2014/12/12/racial-

wealth-gaps-great-recession/

32. Dawson DA, Grant BF, Ruan WJ. The association between stress and drinking: Modifying effects of

gender and vulnerability. Alcohol Alcohol. 2005; 40: 453–460. https://doi.org/10.1093/alcalc/agh176

PMID: 15972275

33. Paradis C, Butt P, Shield K, Poole N, Wells S, Naimi T, et al. Canada’s guidance on alcohol and health:

Final report. Ottawa, Ontario; 2023. Available: https://ccsa.ca/sites/default/files/2023-01/CCSA_

Canadas_Guidance_on_Alcohol_and_Health_Final_Report_en.pdf

34. Canadian Cancer Society. Some sobering facts about alcohol and cancer risk. 2023 [cited 8 Apr 2023].

Available: https://cancer.ca/en/cancer-information/reduce-your-risk/limit-alcohol/some-sobering-facts-

about-alcohol-and-cancer-risk

35. Centers for Disease Control and Prevention. Alcohol and Cancer. 2023 [cited 8 Apr 2023]. Available:

https://www.cdc.gov/cancer/alcohol/index.htm

36. Brody DJ, Gu Q. Antidepressant Use Among Adults: United States, 2015–2018. NCHS Data Brief.

Hyattsville, MD; 2020. Available: https://www.cdc.gov/nchs/data/databriefs/db377-H.pdf

37. Dennis JA, Gittner LS, Payne JD, Nugent K. Characteristics of U.S. adults taking prescription antipsy-

chotic medications, National Health and Nutrition Examination Survey 2013–2018. BMC Psychiatry.

2020; 20: 483. https://doi.org/10.1186/s12888-020-02895-4 PMID: 33004022

38. Pescosolido BA, Halpern-Manners A, Luo L, Perry B. Trends in public stigma of mental illness in the

US, 1996–2018. JAMA Netw Open. 2021; 4: e2140202. https://doi.org/10.1001/jamanetworkopen.

2021.40202 PMID: 34932103

PLOS ONE Changes in risk factor prevalence and their associations with all-cause mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0286691 June 2, 2023 11 / 12

https://www.cdc.gov/nchs/data/nhsr/nhsr050.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22803223
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/PFQ_I.htm#PFQ061I
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/PFQ_I.htm#PFQ061I
https://www.cdc.gov/obesity/basics/adult-defining.html
https://wwwn.cdc.gov/nchs/nhanes/search/datapage.aspx?Component=Examination
https://doi.org/10.1093/jhmas/jrn001
http://www.ncbi.nlm.nih.gov/pubmed/18296750
https://doi.org/10.1007/s00394-018-1636-y
http://www.ncbi.nlm.nih.gov/pubmed/29541907
https://doi.org/10.1016/j.jacc.2015.07.055
http://www.ncbi.nlm.nih.gov/pubmed/26429077
https://doi.org/10.1161/CIRCULATIONAHA.115.008721
https://doi.org/10.1161/CIRCULATIONAHA.115.008721
http://www.ncbi.nlm.nih.gov/pubmed/26903017
https://doi.org/10.1016/j.tcm.2019.09.005
https://doi.org/10.1016/j.tcm.2019.09.005
http://www.ncbi.nlm.nih.gov/pubmed/31607635
https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
https://doi.org/10.1111/j.1360-0443.2009.02696.x
https://doi.org/10.1111/j.1360-0443.2009.02696.x
http://www.ncbi.nlm.nih.gov/pubmed/19686518
https://www.cdc.gov/alcohol/fact-sheets/womens-health.htm
https://www.cdc.gov/alcohol/fact-sheets/moderate-drinking.htm
https://doi.org/10.1111/acer.13559
http://www.ncbi.nlm.nih.gov/pubmed/29293274
https://www.pewresearch.org/fact-tank/2014/12/12/racial-wealth-gaps-great-recession/
https://www.pewresearch.org/fact-tank/2014/12/12/racial-wealth-gaps-great-recession/
https://doi.org/10.1093/alcalc/agh176
http://www.ncbi.nlm.nih.gov/pubmed/15972275
https://ccsa.ca/sites/default/files/2023-01/CCSA_Canadas_Guidance_on_Alcohol_and_Health_Final_Report_en.pdf
https://ccsa.ca/sites/default/files/2023-01/CCSA_Canadas_Guidance_on_Alcohol_and_Health_Final_Report_en.pdf
https://cancer.ca/en/cancer-information/reduce-your-risk/limit-alcohol/some-sobering-facts-about-alcohol-and-cancer-risk
https://cancer.ca/en/cancer-information/reduce-your-risk/limit-alcohol/some-sobering-facts-about-alcohol-and-cancer-risk
https://www.cdc.gov/cancer/alcohol/index.htm
https://www.cdc.gov/nchs/data/databriefs/db377-H.pdf
https://doi.org/10.1186/s12888-020-02895-4
http://www.ncbi.nlm.nih.gov/pubmed/33004022
https://doi.org/10.1001/jamanetworkopen.2021.40202
https://doi.org/10.1001/jamanetworkopen.2021.40202
http://www.ncbi.nlm.nih.gov/pubmed/34932103
https://doi.org/10.1371/journal.pone.0286691


39. Knaak S, Mantler E, Szeto A. Mental illness-related stigma in healthcare: Barriers to access and care

and evidence-based solutions. Healthc Manag Forum. 2017; 30: 111–116. https://doi.org/10.1177/

0840470416679413 PMID: 28929889

40. Nguyen T, Seiler N, Brown E, O’Donoghue B. The effect of Clinical Practice Guidelines on prescribing

practice in mental health: A systematic review. Psychiatry Res. 2020; 284: 112671. https://doi.org/10.

1016/j.psychres.2019.112671 PMID: 31732189

41. Sidney S, Quesenberry CP, Jaffe MG, Sorel M, Nguyen-Huynh MN, Kushi LH, et al. Recent trends in

cardiovascular mortality in the United States and public health goals. JAMA Cardiol. 2016; 1: 594–599.

https://doi.org/10.1001/jamacardio.2016.1326 PMID: 27438477

42. ScienceDirect. Proportional Hazards Model. 2023 [cited 27 Mar 2023]. Available: https://www.

sciencedirect.com/topics/nursing-and-health-professions/proportional-hazards-model

PLOS ONE Changes in risk factor prevalence and their associations with all-cause mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0286691 June 2, 2023 12 / 12

https://doi.org/10.1177/0840470416679413
https://doi.org/10.1177/0840470416679413
http://www.ncbi.nlm.nih.gov/pubmed/28929889
https://doi.org/10.1016/j.psychres.2019.112671
https://doi.org/10.1016/j.psychres.2019.112671
http://www.ncbi.nlm.nih.gov/pubmed/31732189
https://doi.org/10.1001/jamacardio.2016.1326
http://www.ncbi.nlm.nih.gov/pubmed/27438477
https://www.sciencedirect.com/topics/nursing-and-health-professions/proportional-hazards-model
https://www.sciencedirect.com/topics/nursing-and-health-professions/proportional-hazards-model
https://doi.org/10.1371/journal.pone.0286691

