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Background: Previous data showed that metabolic syndrome (MS) and its components are associated with
cancer mortality. However, whether the association varies by race is unclear. To examine the association
between metabolic risk factors and cancer death in non-Hispanic whites (whites) and non-Hispanic blacks
(blacks) in the US.
Methods: We used data from National Health and Nutrition Examination Survey III (NHANES III)
[1988–1994], a nationwide survey conducted by the National Center for Health Statistics of the Centers
for Disease Control and Prevention in the US. We included a total of 18,001 participants aged ≥20 years
in the study. We ascertained cancer death from NHANES III mortality follow-up study, which linked
with the National Death Index and provides follow-up from the date of baseline NHANES III [1988–
1994] through December 2006. MS was defined as the presence of at least three of five risk factors [i.e.,
elevated triglycerides (TG) (≥150 mg/dL), impaired fasting blood glucose (≥100 mg/dL), increased waist
circumference (≥88 cm for women and ≥102 cm for men), elevated blood pressure (BP) (≥130 mmHg systolic
BP or ≥85 mmHg diastolic BP) and, reduced high density lipoprotein (HDL) cholesterol (<50 mg/dL)].
The interaction between race and MS and its components against total cancer mortality was first tested.
Cox proportional hazards regression was then used to estimate the hazard ratios (HR) and 95% confidence
intervals (CI) for total cancer mortality in relation to each MS individual component, and a MS composite
score in whites and blacks, separately.
Results: We found a statistically significant interaction between MS and race as well as MS components
and race in their effect on cancer death. In adjusted models, elevated BP was significantly associated with a
41% increased risk of total cancer death in blacks (HR 1.41; 95% CI, 1.10–1.80) while in whites, the risk of
cancer death increased 29% with central obesity (HR 1.29; 95% CI, 1.05–1.59), 26% with low HDL (HR
1.26; 95% CI, 1.04–1.52), and 45% with impaired fasting glucose (HR 1.45; 95% CI, 1.19–1.76).
Conclusions: The relationship between metabolic risk factors and total cancer mortality differed by race
in the US. In blacks, high BP was associated with an increased risk for cancer death while in whites, central
obesity, low HDL, and especially impaired fasting glucose were positively associated with cancer death.
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Introduction
A black-white disparity in total cancer death has been
pervasive in the US, despite the general decline in cancer
mortality rates due to reduced tobacco smoking, more
widespread cancer screening and testing, and improved
therapies (1). The reasons for black-white differences in
cancer outcomes and survivorship are multifactorial. Factors
from individual (2,3), clinical (4,5) and environmental (6-8)
levels contribute to this disparity but were not able to
provide a complete explanation. Previous studies found racial
differences in cancer outcomes remain even after adjusting
for stage, age, sex, socioeconomic status and access to health
care (9-12). One factor that might contribute to the racial
differences in cancer death but that has not fully evaluated
is metabolic syndrome (MS). MS is defined as a cluster of
at least three of the following risk factors: central obesity,
glucose intolerance, dyslipidemia and hypertension (13).
There is a growing interest in MS because of its high
prevalence among US adults (14) and its link with risk of
many chronic conditions including various cancers (15-18).
MS and its individual components may be also related to
increased cancer mortality (19-22). One perspective study
found MS was associated with an increased risk of allcause cancer mortality in men (20). Another populationbased study in the US also reported a significant association
between MS and total and lung cancer mortality.
Specifically, systolic blood pressure (BP) and serum glucose
were positively associated with an increased risk of death
from total cancer (19). However, these studies exploring
MS and cancer outcomes often aggregated racial groups,
thereby masking possible differences in association by race
(19-22).
In comparison to whites, blacks demonstrated a higher
risk of dying from chronic conditions such as cardiovascular
diseases and diabetes as a result of MS (23-25). However,
limited data has shown MS is associated with higher cancer
mortality in blacks compared to whites (8). There may be
variations in risk of cancer mortality related to MS and its
individual risk components. Previous studies found that
while hypertension was independently associated with
cancer death in black female breast cancer patients (26),
diabetes was documented to increase risk for cancer death
only among white cancer patients (27,28). Another study
also reported that abnormal glucose tolerance was positively
associated with significant cancer mortality in a nearly all
white sample (29). However, no data has demonstrated
the same association in black cancer patients. To improve

© Translational Cancer Research. All rights reserved.

race-specific cancer care, especially chronic disease risk
management, more research is warranted to examine if MS
and what specific metabolic risk factors contribute to cancer
death in two racial groups separately.
Objective
Using a nationally representative sample, this study aimed
to examine the association between MS and its individual
components and total cancer mortality in whites vs. blacks.
Methods
Data: National Health and Nutrition Examination Survey
III (NHANES III) [1988–1994] assessed the health
status of a nationally representative sample of the civilian
noninstitutionalized US population. The study consists of
interviews, physical examinations and data from blood sample
analyses. A full description of survey design and methodology
can be found elsewhere (30). The NHANES III mortality
follow-up study was conducted and linked with the National
Death Index. The linked study provides mortality followup from the date of baseline NHANES III [1988–1994]
through December 31, 2006 (30). Of 19,620 participants
aged 20 years or older, we excluded 230 individuals with
pregnancy status, 574 of non-white or non-black racial/ethnic
background and 795 without demographic information.
Another 2,993 were excluded due to missing measurements
on MS components. A total of 15,803 individuals (11,081
whites and 4,722 blacks) were included in our analysis. The
National Center for Health Statistics Institutional Review
Board approved the survey protocols, and informed consent
was obtained from all subjects. The present study was not
reviewed by the Institutional Review Board of the University
of Missouri because the data analyzed are de-identified and
publicly accessible.
Variables: we used death from any cancer cause in
the NHANES III mortality follow-up study as the main
outcome of interest in the analysis. We used the National
Heart, Lung and Blood Institute criteria to evaluate MS
and individual metabolic factors (13). MS was defined as
the presence of at least three of five risk factors: reduced
high density lipoprotein (HDL) cholesterol (<50 mg/dL),
elevated triglycerides (TG) (≥150 mg/dL), impaired fasting
blood glucose (≥100 mg/dL), elevated waist circumference
(≥88 cm for women and ≥102 cm for men) and elevated BP
(≥130 mmHg systolic BP or≥85 mmHg diastolic BP) (31).
We also created a composite variable with presence of ≤1, 2,
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Table 1 Characteristics of the study population by race, NHANES III
Characteristics

Non-Hispanic
White [n=11,081,
% (SE)]a

Non-Hispanic
Black [n=4,722,
% (SE)]

Age
≥20 to <30

20.90 (0.94)

26.25 (0.87)

≥30 to <40

23.81 (0.86)

26.76 (0.80)

≥40 to <50

20.62 (0.79)

20.57 (0.87)

≥50 to <60

12.79 (0.47)

10.77 (0.60)

≥60 to <70

11.64 (0.55)

8.71 (0.61)

≥70

10.22 (0.69)

6.93 (0.60)

Male

48.84 (0.43)

44.90 (0.91)

Female

51.15 (0.43)

55.09 (0.94)

9.42 (0.70)

26.52 (1.73)

>1 to <3

38.32 (1.15)

43.67 (1.29)

≥3

52.27 (1.36)

29.80 (1.37)

Never

44.08 (0.91)

50.37 (1.09)

Former

27.52 (0.63)

16.10 (0.68)

Current

28.41 (0.92)

33.52 (1.04)

Gender

Poverty to income ratio
≤1 (under poverty)

Smoking
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3 or ≥4 individual MS components.
We chose covariates based on their relevance to MS
and cancer death (32). We kept variables if they altered
parameter estimates by 10% or more and/or had P value
(<0.025) for their regression coefficients (33). Covariates
included gender, age (20–29, 30–39, 40–49, 50–59, 60–69 or
≥70), poverty-to-income ratio (≤1-under poverty line, >1 to
<3, or ≥3), insurance status (yes vs. no), and smoking status
(non-smoker, former smoker or non-smoker).
Analysis: we firstly described baseline characteristics
of participants by race. Chi-square tests were used for the
descriptive analysis. Secondly, we used separate models
to evaluate interactions between race and MS as well as
between race and MS components. If interactions were
statistically significant (i.e., P<0.05), we then used Cox
proportional hazards regression models to estimate hazard
ratio (HR) and 95% confidence intervals (CIs) of cancer
death for individual metabolic risk factors and MS by race.
We performed linear trend tests for the four categories of
MS. Considering the complexity of the sampling design,
survey-related commands (e.g., Proc Surveyphreg) were
employed to adjust for the complex survey design effect. In
particular, the Primary Sampling Unit (PSU), stratum and
design weight for each observation was taken into account
in the analysis (30).
Results

Insurance
Yes

88.27 (0.75)

84.49 (1.48)

No

11.73 (0.75)

15.51 (1.48)

Yes (≥3 components)

23.11 (0.82)

21.84 (0.58)

Central obesity

39.64 (0.82)

44.66 (1.09)

High blood pressure

10.33 (0.45)

17.77 (0.75)

Low HDL

36.01 (1.21)

26.86 (0.87)

High triglycerides

36.03 (1.14)

26.84 (0.81)

Impaired fasting glucose

28.30 (1.45)

33.53 (0.84)

≤1

54.71 (1.33)

53.78 (0.70)

2

22.18 (0.81)

24.38 (0.69)

3

15.16 (0.51)

14.55 (0.45)

≥4

7.95 (0.47)

7.29 (0.40)

MS

Number of MS components

a

, percentages in the table are weighted. MS, Metabolic
syndrome; HDL, high density lipoprotein.
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The distribution of age, sex, insurance and number of MS
components were comparable between blacks and whites
(Table 1). However, there were marked differences between
blacks and whites regarding poverty to income ratio, smoking
status, and the individual MS components. In comparison
to whites, higher percentages of blacks (9% vs. 27%) lived
under the poverty line and were current smokers (28% vs.
34%). Relative to whites, blacks also had significantly higher
prevalence of central obesity (40% vs. 45%), BP (10% vs.
18%) and impaired fasting blood glucose (28% vs. 34%);
but lower prevalence of reduced HDL (36% vs. 27%) and
elevated TG (36% vs. 27%) (Table 1).
The mean follow-up period was 16.7 years for all
participants in this study. Of 15,740 eligible participants,
1,129 (7.2%) died from cancer. Figure 1 shows blacks had
significantly higher cancer mortality across all age groups
(P<0.05).
We found significant interactions between race and MS
as well as between race and MS components in models (all
P<0.05). We then performed race-stratified analysis for the
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death. In comparison to whites, hypertension is more
common, develops in younger age groups, and is associated
with significantly higher cardiovascular and all-cause
mortality in blacks (34,35). Observational research on racial
difference in cancer death attributable to hypertension is
limited and findings have been mixed (19,20,26,36,37).
Without stratifying racial group, one study found elevated
systolic BP was significantly associated with a higher
risk of total mortality in a US cohort (19), while another
one did not find a significant relationship in a men-only
cohort (20). In a Korean population-based study (36)
and in another study combining seven cohorts from three
European countries (37), researchers found elevated BP was
significantly associated with increased total cancer death.
Specifying racial groups, one study found a null association
of hypertension and total cancer mortality in whites and a
marginal significant association in blacks (38). Another one
found a significantly higher risk of breast cancer death in
black women than in white women (26).
Several biological studies have proposed possible
mechanisms of hypertension and malignancy. One study
pointed out that increased expression of inositol triphosphate
and cytosolic calcium is related to the pathogenesis of
hypertension and in the early stages of cell proliferation that
are activated by endogenous oncogenes (39). Another study
showed aberrant carcinogen binding to deoxyribonucleic acid
in lymphocytes of hypertensive patients (40). Cell death via
apoptosis can also influence the growth of vascular smooth
muscle cells, and related aberrations have also been identified
in hypertension (41). Epidemiological data also showed a
significant association between hypertension and total cancer
mortality without specifying race (37,42). Our findings
documented the heightened risk for cancer mortality due to
hypertension in blacks. Cancer prevention and control program
should address the excess risk of cancer death due to high BP
in blacks. Further research is needed to clarify reasons for racial
disparities in hypertension-related cancer death (23).
We also found in whites, compared to individuals with
normal fasting glucose level, those with impaired level had
a 45% higher risk of total cancer death while in blacks, the
association did not reach to statistical significance. Even
though mortality specifically due to diabetes has been
reported higher in blacks than in whites (38), few studies
have examined whether the impaired fasting glucose level
causes discrepancies in overall cancer death between blacks
and white. One study evaluating a group of individuals
45 years of age and older found impaired fasting glucose
significantly increased risk for cancer death in blacks but

Rate, per 1000 PR

20
15
10
5
0
White
Black

20–29
0.22
0.31

30–39
0.71
1.32

40–49
2.31
3.43
White

50–59
5.99
9.13

60–69
9.56
13.29

≥70
15.79
20

Black

Figure 1 Mortality rate (per 1,000 person-years) from cancer in
US adults by race and age–NHANES III. P<0.05.

association between MS, its components and cancer mortality
(Table 2). After adjusting for all covariates, MS was not
statistically significantly associated with risk of cancer death
for either racial group. With respect to MS components in
whites, the risk of cancer death increased 29% with central
obesity, 26% with low HDL and 45% with impaired fasting
glucose. In adjusted HR models, high BP was significantly
associated with a 41% increased risk for cancer death in
blacks (Table 2). Among whites, after covariate adjustment
in the model, the risk for cancer death increased with the
presence of 2, 3 and ≥4 components of MS, and trend test in
the HR was statistically significant (Table 2).
The impact of demographic variables on cancer death
was identified between blacks and whites (results not
shown in tables or figures). Older age and current/former
smoking status were significant risk factors for cancer
death in both racial groups. Women were less likely to die
from cancer than men; however, the adjusted model did
not show statistical significance in whites. Higher income
groups were less likely to die from cancer in both groups
too, but only in whites the association reached to statistical
significance (results not shown in tables and figures).
Discussion
Our study showed that the adverse effect of metabolic risk
factors on cancer death varied between blacks vs. whites.
Firstly, we found among MS components, elevated BP
was a significant risk factor to cancer mortality in blacks.
Compared to blacks who have normal BP, those with
elevated BP had a more than 40% higher risk of cancer
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Table 2 HR for cancer death by metabolic syndrome and MS components in non-Hispanic Whites and non-Hispanic Blacks, separately
Non-Hispanic White
MS and MS components

Non-Hispanic Black

Crude model, HR (95% CI)

Adjusted model, HR
(95% CI)

Crude model, HR (95% CI)

Adjusted model, HR
(95% CI)

No

Ref.

Ref.

Ref.

Ref.

Yes

2.22 (1.82–2.71)**

1.19 (0.99–1.44)

1.61 (1.24–2.11)**

0.88 (0.67–1.16)

No

Ref.

Ref.

Ref.

Ref.

Yes

2.26 (1.83–2.81)**

1.29 (1.05–1.59)*

1.18 (0.94–1.49)

0.83 (0.62–1.04)

No

Ref.

Ref.

Ref.

Ref.

Yes

1.55 (1.22–1.97)*

1.15 (0.91-7.91)

2.15 (1.68–2.75)**

1.41 (1.10–1.80)*

No

Ref.

Ref.

Ref.

Ref.

Yes

1.36 (1.12–1.63)*

1.26 (1.04–1.52)*

0.94 (0.70–1.24)

0.91 (0.69–1.20)

No

Ref.

Ref.

Ref.

Ref.

Yes

1.57 (1.28–1.93)**

1.02 (0.84–1.23)

1.47 (1.11–1.94)**

0.91 (0.70–1.19)

No

Ref.

Ref.

Ref.

Ref.

Yes

2.40 (1.91–3.02)**

1.45 (1.19–1.76)*

1.66 (1.32–2.08)**

1.03 (0.80–1.32)

≤1

Ref.

Ref.

Ref.

Ref.

2

2.00 (1.58–2.55)**

1.36 (1.07–1.73)*

1.30 (0.91–1.85)

1.01 (0.70–1.46)

3

2.57 (2.03–3.27)**

1.35 (1.05–1.72)*

1.61 (1.09–2.40)*

1.02 (0.68–1.51)

≥4

3.38 (2.35–4.86)**

1.60 (1.13–2.27)*

2.09 (1.36–3.21)*

1.00 (0.65–1.53)

<0.0001

0.01

<0.0001

0.91

MS (≥3 factors)1

Central obesity

High blood pressure

Low HDL

High triglycerides

Impaired fasting glucose

Number of MS

P for trend–MS categories
1

**, P<0.005; *, P<0.05. , adjusted model included age, gender, income, insurance status, and smoking status; sampling weight has been
taken into account in Cox-proportional hazards regression. HDL, high density lipoprotein; MS, metabolic syndrome; HR, hazard ratios.

not in whites (38) while two breast cancer studies found
diabetes was associated with a significantly increased hazard
for breast cancer-specific death in white patients only
(27,28). Researchers also found diabetes was associated with
a later state of cancer diagnosis and more aggressive tumor
grade for white women only, which in part, may account for
the survival reduction in white women (28).
It has been documented that impaired fasting glucose
status was associated with a high risk of cancer death in
© Translational Cancer Research. All rights reserved.

European, Japanese and US cohorts (29,43,44). A previous
study suggested that oxidative stress and accumulated
advanced glycation end-products induced by hyperglycemia
at the cellular level may influence cancer development and
progression (45). Insulin resistance may promote cancer cell
proliferation and may possibly be related to worse cancer
prognosis as well (46,47). Further research should investigate
whether these biological mechanisms varied by race.
Race-specific findings on impaired fasting glucose level

Transl Cancer Res 2019;8(Suppl 4):S389-S396 | http://dx.doi.org/10.21037/tcr.2019.06.25

S394

Yoshida et al. Metabolic risk factors and cancer mortality among blacks and whites

and cancer death in our study should also be interpreted
with caution. It is possible that other risk factors
contributing to prediabetes or diabetes, such as insulin
resistance and obesity are high among blacks in the absence
of prediabetes or diabetes, thus attenuating the risk of
death toward the null by making blacks with and without
prediabetes or diabetes similar.
We acknowledge that the large sample size poses a potential
danger in detecting statistically significant, yet clinically
unimportant differences when focusing on HR. It is also
possible that using all-cancer death as an outcome overestimates
the association between hypertension and impaired fasting
glucose and cancer mortality in our study. Additional studies
with perspective design are warranted to examine the racespecific association between hypertension and impaired fasting
glucose and site-specific cancer death.
MS risk components such as low HDL and central
obesity were also significantly associated with cancer
death in whites but not in blacks. There are inconsistent
associations between lipids and cancer risk and outcomes
across epidemiological studies (48); and few studies
examined the particular relationship between low HDL
and cancer outcomes (48). Central obesity was previously
associated with risk of cancer death in several racecombined studies or studies that mostly included white
participants (49,50). The sparse and inconclusive findings
warrant additional research attention to race-specific
analysis of low HDL or central obesity and cancer death.
Limitations
The study has several limitations. Firstly, all metabolic risk
factors in this study were only measured once at baseline.
Therefore, we were not able to examine any time-varying
effects of these factors on cancer mortality by race group.
Secondly, we could not analyze the association between
metabolic risk factors and each type of cancer mortality
because the number of site-specific cancer death was very
small in NHANES III. Of all sites of cancer, lung cancer
contributed to the largest number of deaths (n=201) but
the relationship between MS and its mortality was not
significant as reported previously (19). Thirdly, because
this is an observational study, it is possible that unmeasured
(e.g., other treatments for MS or cancer) confounders could
have distorted the results. However, we have tested and
adjusted a series of confounders in the analysis from available
information in NHANES III. Furthermore, the observed
associations may not be causal in our study. However, the
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strength of the association, the dose-response manner and
biological plausibility lend strong support to the relationship
between metabolic risk factors and cancer death.
Strengths
The major strength of this study is that the analysis was
based on a large prospective cohort. This study covers
a nationally representative sample of the two major
racial groups. All five MS components were objectively
measured with validated assessment tools or experimental
methods. This precludes recall bias that is often seen in
questionnaire-based exposure measurement.
Conclusions
In summary, we found effect of metabolic risk factors
on total cancer mortality differed by race. High BP was
significantly associated with total cancer death in blacks
while in whites, central obesity, low HDL and impaired
fasting glucose in particular were positively associated
with cancer death. The results highlight the importance
of early detection and management of metabolic risks
especially hypertension and prediabetes/diabetes to
prevent cancer death in blacks and whites, respectively.
Active monitoring of BP throughout the period of cancer
treatment is recommended for cancer patients especially
for black cancer patients with elevated BP (51). Awareness
and management of the glycemic status should also be part
of patients’ cancer care plans particularly for white cancer
patients with prediabetes/diabetes (52). Integrating cancercare and co-management of metabolic risk conditions is set
to play an increasing role in modern health services (51-53).
With respects to research, further exploration of lifestyle
modifications for MS in clinical trials and observational
studies that include blacks and whites in cancer prognosis
and survival are warranted. Further studies need to
investigate whether overall MS, or individual metabolic risk
factors, is associated with death from certain types of cancer,
and whether the association varies by race.
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