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Introduction: To explore the relationship between serum 25(0OH)D, cadmium, and CRP
with all-cause mortality among people in diabetic and non-diabetic.

Methods: This study used data from the NHANES (2001-2010). Cox regression was
used to analyze the relationship between Serum 25(0OH)D, cadmium, CRP, and all-cause,
cause-specific mortality. We used restricted cubic splines to explore the dose-response
relationship between serum 25(0OH)D, cadmium, CRP, and all-cause mortality.

Results: During a mean follow-up of 9.1 years, the study included 20,221 participants,
2,945 people with diabetes, and 17,276 people without diabetes. Compared with serum
25(0OH)D deficiency group in diabetic patients, the sufficient serum 25(0OH)D group was
associated with lower all-cause mortality (HR = 0.41, 95%CI 0.28-0.60, P < 0.001)
and cardiovascular mortality (HR = 0.46, 95%Cl 0.22-0.95, P = 0.04). Compared
with the low cadmium group, the high cadmium group was associated with higher all-
cause mortality (HR = 1.49, 95%Cl 1.06-2.09, P = 0.02). Compared with the low CRP
group, the high CRP group was associated with higher all-cause mortality (HR = 1.65,
95%Cl 1.24-2.19, P = 0.001) and cancer mortality (HR = 3.25, 95%CI 1.82-5.80, P
< 0.001). Restricted cubic splines analysis showed a significant nonlinear association
between serum 25(0OH)D (P-nonlinearity P < 0.001), cadmium (P-nonlinearity = 0.002),
CRP (P-nonlinearity = 0.003), and HR for all-cause mortality risk in diabetic patients.
The results were similar among non-diabetic patients, but with different levels of risk.
Sensitivity analysis and subgroup analysis presented the results of population studies
with different follow-up times, different genders and ages.

Conclusions: [n diabetic patients, serum 25(0OH)D, cadmium, and CRP were related
to all-cause mortality; serum 25(0OH)D was related to cardiovascular mortality; CRP was
related to cancer mortality. The results were similar among non-diabetic patients, but
with different levels of risk.
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INTRODUCTION

International Diabetes Federation (IDF) estimated the global
diabetes prevalence in 2019 was estimated to be 9.3% (463
million people), it is expected to reach 10.9% (700 million)
by 2045 (1). Cardiovascular disease (CVD) was the main
cause of death and morbidity in patients with diabetes,
especially type 2 diabetes (2). Therefore, it was of great
significance to explore the causes of diabetes, prevent or
control the complications of diabetes and reduce the risk
of death.

Vitamin D was believed to prevent common chronic
diseases, including CVD and cancer (3, 4). In a meta-
analysis of randomized controlled trials, vitamin D
supplementation significantly reduced overall cancer mortality
(5). However, clinical data examining the effect of vitamin
D supplementation on mortality was still inconclusive (6, 7).
The relationship between vitamin D status and the risk of
death in diabetic patients was not consistent (8, 9). This
may be related to the different sample size, the definition
of vitamin D deficiency, and the different adjustment of
covariates in the detection method. There was increasing
interest in the possible protective effects of vitamin D in
health outcomes.

Cadmium (Cd) is a toxic heavy metal that causes various
diseases and increases mortality. Diet is the main source of Cd
exposure for most people. A survey from NHANES in 2007-
2012 showed that the food groups with the most Cd were
grains and breads, leafy vegetables, potatoes, beans and nuts,
and stem/root vegetables (10). The cadmium content in food
is related to geographic location, bioavailability of cadmium in
soil, crop genetics and agronomy (11). Cadmium exposure was
associated with kidney disease (12), osteoporosis and fractures
(13), atherosclerosis (14) and CVD (15). The relationship
between epidemiological studies of low-level cadmium exposure
and the risk of cancer and cardiovascular disease was limited,
and there are usually fewer cohort studies based on small sample
sizes, case-control, or cross-sectional designs. A meta-analysis
showed that cadmium appears to be associated with increased all-
cause mortality and cardiovascular mortality even at low levels
of exposure (16). But this meta-analysis contains only 9 original
studies, and the heterogeneity was great. In addition, we also
separated the diabetic and non-diabetic for analyses.

C-reactive protein (CRP) was a protein synthesized in the
liver, and the inflammatory response of tissue damage was related
to the level of CRP (17). Despite the large number of studies on
CRP, the convincing evidence on associations and causal effects
was very limited (18). A study using the China Longitudinal
Study of Health and Retirement (CHARLS) showed that plasma
CRP was a predictor of all-cause mortality in the middle-aged
and elderly population in China (19). A cohort study in Brazil
also reached the same conclusion (20). Meta-analysis showed that
CRP levels were associated with all-cause mortality in patients
with type 2 diabetes and the risk of cardiovascular mortality was
higher (21). Our data with larger samples and longer follow-up
time. In addition, we also separated the diabetic and non-diabetic
for analyses.

This research attempted to explore the relationship between
serum 25(OH)D, cadmium, and CRP with all-cause mortality
among people in diabetic and non-diabetic.

METHODS

Study Population

This study used data from the NHANES (2001-2010). The
National Health and Nutrition Examination Survey (NHANES)
is a program of studies designed to assess the health and
nutritional status of adults and children in the United States.
NHANES is a major program of the National Center for Health
Statistics (NCHS). NCHS is part of the Centers for Disease
Control and Prevention (CDC) and has the responsibility for
producing vital and health statistics for the Nation. The survey
examines a nationally representative sample of about 5,000
persons each year. These persons were located in counties across
the country, 15 of which were visited each year. The NHANES
includes demographic, socioeconomic, dietary,
and health-related questions. The examination component
consists of medical, dental, and physiological measurements,
as well as laboratory tests administered by highly trained
medical personnel.

We collated and merged the data from 2001 to 2010 and
obtained 52,195 respondents. After the deletion of missing
research variables (serum vitamin D, blood cadmium, C-reactive
protein) and covariates (age, gender, education, marital status,
race, ratio of family income to poverty, BMI, drinking, smoking,
physical activity), 20,221 respondents were finally obtained. In
the end, there were 2,945 diabetic people and 17,276 non-diabetic
people. Diabetes is defined as self-reported as diabetes when
asked by a doctor, using insulin or oral hypoglycemic drugs,
fasting blood glucose >7.0 mmol/L, or glycosylated hemoglobin
Alc (HbAlc) >6.5%. Gestational diabetes is excluded.

interview

Measurement of Serum 25(0OH)D

NHANES 2001-2006, serum 25(OH)D concentration was
measured by DiaSorin radioimmunoassay kit (Stillwater, MN),
but the data was converted to equivalent 25(OH)D measured
value from LC-MS/MS method by regression method. From
2007 to 2010, serum 25(OH)D concentration was measured by a
standardized liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method. The CDC LC-MS/MS method has better
analytical specificity and sensitivity compared to immunoassay
methods, and fixed analytical goals for imprecision (<10%) and
bias (<5%).

Measurement of Serum Cadmium

We used data of blood cadmium. Whole blood samples were
processed, stored under frozen (—30°C) conditions, and shipped
to the Ministry of Laboratory Science, the National Center for
Environmental Health, and the Centers for Disease Control
and Prevention for analysis. Inductively coupled plasma mass
spectrometry (ICP-MS) was used to determine the concentration
of cadmium (Cd) in whole blood.
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Measurement of Serum C-Reactive Protein
C-reactive protein was considered to be one of the best measures
of acute-phase response to infectious diseases or other tissue
damage and inflammation. The blood samples are processed,
stored, and shipped to the University of Washington. Quantify
CRP by latex-enhanced turbidimetry. The CRP concentration
is calculated by using a calibration curve. Data reduction of
the signals was performed by using a storable logit-log function
for the calibration curve performed data reduction of the
signals. These measurements were performed on the Behring
Nephelometer for quantitative CRP measurement.

Ascertainment of Mortality

NCHS has linked various surveys with death certificate records
from the National Death Index (NDI). The restricted-use
Linked Mortality File (LMF) has been updated with mortality
follow-up data through December 31, 2015. All-cause mortality,
cardiovascular disease, and cancer mortality were determined
by correlation with the National Death Index. ICD-10 is used
to determine deaths from specific diseases. Cancer mortality
was defined as ICD-10 codes C00-C97, and CVD mortality was
defined as ICD-10 codes 100-109, I11, 113, 120-151, or 160-169.

Assessment of Covariates

The covariates we included age, gender, education, marital
status, race, the ratio of family income to poverty, BMI,
drinking, smoking, physical activity. Education level was
categorized as less than high school, more than high school.
Marital status was categorized as married or living with a
partner; widowed, divorced, separated; never married. The race
was classified as Hispanic, non-Hispanic-White, non-Hispanic-
Black, non-Hispanic other. The family income-to-poverty ratio
was classified as 0-1.0, 1.0-3.0, and >3.0. BMI was categorized
as <25.0 kg/m?, 25.0-29.9 kg/m?, and >30 kg/m?. Drinking
status was categorized as never drinker (less than 12 alcohol
drinks/lifetime), Ever drinker (had at least 12 alcohol drinks/1
yr and no drink alcohol over past 12 months), current drinker
(drink alcohol over past 12 months). Smoking was categorized
as never smoker (smoked less than 100 cigarettes in life), ever
smoker (smoked at least 100 cigarettes in life and no smoke
now), current smoker (smoked at least 100 cigarettes in life
and smoke now). Physical activity was categorized as <150 min
MVPA(moderate to vigorous physical activity), >150 min MVPA
0. 75min of vigorous physical activity is equal to 150 min of
moderate physical activity (22). In addition, strict procedures
were applied for collection and analysis in the whole blood, and
the details were described in the NHANES laboratory.

Statistical Analysis Method

This study describes the basic situation of objects. We generated
a new weight for 2001-2010 = wtmec2yr/5. Cox regression
analysis was used to analyze the relationship between serum
25(0OH)D, cadmium, CRP, and all-cause and cause-specific
mortality. According to the clinical practice guidelines of
the Endocrine Society, serum 25(OH)D status is divided
into four groups: severe deficiency (<25.0 nmol/L), moderate
deficiency (25.0-49.9 nmol/L), insufficient (50.0-74.9 nmol/L),

and sufficient (>75.0 nmol/L) (23). Cadmium and CRP were
also divided into four groups according to the interquartile
range. We conducted a subgroup analysis based on age and
gender. At the same time, we conducted sensitivity analyses
by excluding subjects whose follow-up time was less than
2 years.

We also used restricted cubic splines (RCS) with three
knots (5th, 50th, and 75th) to explore the dose-response
relationship between serum 25(OH)D, cadmium, CRP, and
all-cause mortality. At the same time, we adjusted multiple
covariates mentioned above. The essence of restrictive cubic
splines is regression splines with additional requirements.
The regression spline is a piecewise polynomial that requires
continuous and second-order derivable in each piece. Restricted
cubic splines require regression splines: the spline function was
a linear function at the extreme ends of the independent variable
data range.

All of the analyses were conducted using Stata 15.0. P > 0.05
was considered statistically significant.

RESULTS

Baseline Characteristics

The study included 20,221 participants, 2,945 people with
diabetes, and 17,276 people without diabetes. The average age
of the diabetic population is 61.6 years old, and the average age
of the non-diabetic population is 47.4 years old. The specific
baseline characteristics of the study population were shown in
Table 1. People with diabetes were more likely to be older, non-
Hispanic black, low-educated, obese people who currently drink
alcohol and do not exercise enough.

All-Cause and Cause-Specific Mortality

In the follow-up of people with diabetes, 808 deaths were
recorded, including 198 deaths from CVD and 154 deaths
from cancer. In the Cox regression analysis, Model 1 adjusts
age and gender; Model 2 further adjusted education, marital
status, race, the ratio of family income to poverty based on
model 1; Model 3 adjusted BMI, drinking, smoking, physical
activity based on Model 2. We used the severe serum 25(OH)D
deficiency group as the reference group, the sufficient serum
25(OH)D group was associated with lower all-cause mortality
(HR = 0.41, 95%CI 0.28-0.60, P < 0.001) and cardiovascular
mortality (HR = 0.46,95%CI 0.22-0.95, P = 0.04). We divided
diabetic patients into 4 groups based on the interquartile range
of cadmium concentration in the blood. At the same time,
the low-concentration group (<0.24 pg/l) was used as the
control group, the results showed that higher blood cadmium
concentration group (>0.6 g/l) was associated with higher all-
cause mortality (HR = 1.49, 95%CI 1.06-2.09, P = 0.02). We
divided diabetic patients into 4 groups based on the interquartile
range of CRP concentration in the blood. At the same time, the
low concentration group (<0.08 mg/dL) was used as the control
group, the higher CRP concentration group (>0.49 mg/dL) was
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TABLE 1 | Baseline characteristics of participants in the NHANES 2001-2010.

Baseline characteristics Total Diabetes Non-diabetes

Male Female Male Female
Sample size (%) 20,221 1,565 (7.7) 1,380 (6.8) 8,330(41.2) 8,946(44.2)
Age (years) (%)
<65 15,189 843 (5.6) 747 (4.9) 6,467 (42.6) 7,132 (47.0)
>65 5,032 722 (14.9) 633 (12.6) 1,863 (37.0) 1,814 (36.0)
Race (%)
Hispanic 5,095 454 (8.9) 430 (8.4) 2,009 (39.4) 2,202 (43.2)
Non-hispanic white 10,5697 724 (6.8) 536 (5.1) 4,498 (42.4) 4,839 (45.7)
Non-hispanic black 3,759 341 (9.1) 357 (9.5) 1,503 (40.0) 1,558 (41.4)
Non-hispanic other 770 46 (6.0) 57 (7.4) 320 (41.6) 347 (45.1)
Education level (%)
Less than high school degree 5,636 616 (10.9) 577 (10.2) 2,261 (40.1) 2,182 (38.7)
High school degree 4,739 334 (7.0) 334 (7.0) 2,064 (43.6) 2,007 (42.4)
More than high school degree 9,776 615 (6.3) 469 (4.8) 4,005 (41.0) 4,687 (47.9)
Marital status (%)
Married or living with partner 12,678 1,116 (8.8) 664 (5.2) 5,652 (44.6) 5,246 (41.4)
Widowed, divorced, separated 4,414 333 (7.5) 619 (14.0) 1,181 (26.8) 2,281 (561.7)
Never married 3,129 116 (3.7) 97 (3.1) 1,497 (47.8) 1,419 (45.3)
Family income-poverty ratio (%)
0-1.0 3,792 270 (7.1) 354 (9.3) 1,430 (37.7) 1,738 (45.8)
1.1-3.0 8,478 727 (8.6) 693 (8.2) 3,378 (39.8) 3,680 (43.4)
>3.0 7,951 568 (7.1) 333 (4.2) 3,522 (44.3) 3,528 (44.4)
BMI,kg/m?
<25.0 5,989 228 (3.8) 174 (2.9) 2,487 (41.5) 3,100 (51.8)
25.0-29.9 7,097 532 (7.5) 353 (5.0) 3,454 (48.7) 2,758 (38.9)
>30 7,135 805 (11.3) 853 (12.0) 2,389 (33.5) 3,088 (43.3)
Drinking status (%)
Never drinker 2,792 129 (4.6) 418 (15.0) 568 (20.3) 1,677 (60.1)
Ever drinker 4,089 531 (13.0) 448 (11.0) 1,478 (36.1) 1,632 (39.9)
Current drinker 13,340 905 (6.8) 514 (3.9) 6,284 (47.1) 5,637 (42.3)
Smoking Status (%)
Never smoker 10,445 567 (5.4) 809 (7.7) 3,630 (34.8) 5,439 (52.1)
Ever smoker 5,332 689 (12.9) 373(7.0) 2,481 (46.5) 1,789 (33.6)
Current smoker 4,444 309 (7.0) 198 (4.5) 2,219 (49.9) 1,718 (38.7)
Physical activity (%)
<150 min MVPA 11,375 990 (8.7) 1,051 (9.2) 3,958 (34.8) 5,376 (47.3)
>150 min MVPA 8,846 575 (6.5) 329 (3.7) 4,372 (49.4) 3,570 (40.4)

Values are n (percentage).

associated with higher all-cause mortality (HR 1.65, 95%CI 1.24-
2.19, P = 0.001) and cancer mortality (HR = 3.25, 95%CI
1.82-5.80, P < 0.001). Other details were presented in Table 2.
In the follow-up of people with non-diabetes, 1981 deaths
were recorded, including 400 deaths from CVD and 472 deaths
from cancer. In the Cox regression analysis, Model 1 adjusts age
and gender; Model 2 further adjusts education, marital status,
race, the ratio of family income to poverty based on Model
1; Model 3 adjusts BMI, drinking, smoking, physical activity
based on Model 2. We used the serum 25(OH)D deficiency
group as the reference group, the sufficient serum 25(OH)D
group was associated with lower all-cause mortality (HR =

0.67,95%CI = 0.48-0.93, P = 0.02) and cardiovascular mortality
(HR = 0.50,95%CI = 0.28-0.91, P = 0.02). We divided non-
diabetic patients into 4 groups based on the interquartile range of
cadmium concentration in the blood. At the same time, the low-
concentration group (<0.21 pg/l) was used as the control group,
the results showed that higher blood cadmium concentration
group (>0.6 pug/l) was associated with higher all-cause mortality
(HR = 1.70, 95%CI = 1.34-2.15, P < 0.001). We divided non-
diabetic patients into 4 groups based on the interquartile range
of CRP concentration in the blood. At the same time, the low
concentration group (<0.08 mg/dL) was used as the control
group, the higher CRP concentration group (>0.46 mg/dL) was
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TABLE 2 | HR (95%Cls) for all-cause and cause-specific mortality according to serum 25 (OH)D, Cadmium and CRP among participants with diabetes.

Life styles Deaths Total population Model 12 Model 2° Model 3°

HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
25 (OH)D
All-cause mortality
<25.0 (nmol/L) 65 188 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 302 1,118 0.56 (0.39- 0.80) 0.002 0.54 (0.37-0.78) 0.001 0.55 (0.39-0.79) 0.001
50.0-74.9 (nmol/L) 303 1,132 0.39 (0.28-0.54) <0.001 0.36 (0.25-0.52) <0.001 0.40 (0.27-0.58) <0.001
>75.0 (nmol/L) 138 507 0.39 (0.28-0.55) <0.001 0.38 (0.26-0.55) <0.001 0.41 (0.28-0.60) <0.001
CVD mortality
<25.0 (nmol/L) 20 188 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 68 1,118 0.47 (0.24-0.92) 0.03 0.46 (0.24-0.86) 0.02 0.45 (0.24-0.58) 0.01
50.0-74.9 (nmol/L) 69 1,132 0.29 (0.16-0.53) <0.001 0.30 (0.17-0.51) <0.001 0.31(0.17-0.55) <0.001
>75.0 (nmol/L) 41 507 0.44 (0.20-0.99) 0.048 0.46 (0.22-0.98) 0.04 0.46 (0.22-0.95) 0.04
Cancer mortality
<25.0 (nmol/L) 6 188 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 76 1,118 1.96 (0.74-5.20) 0.17 1.89 (0.70-5.07) 0.21 2.16 (0.78-5.95) 0.13
50.0-74.9 (nmol/L) 49 1,132 0.85 (0.32-2.26) 0.74 0.76 (0.28-2.02) 0.57 1.00 (0.37-2.68) 0.99
>75.0 (nmol/L) 23 507 1.00 (0.35-2.86) 0.99 0.89 (0.30-2.67) 0.84 1.23 (0.40-3.77) 0.71
Cadmium
All-cause mortality
<0.24 (ug/)) 132 733 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.24-0.39 (ug/l) 169 769 0.90 (0.64-1.27) 0.55 0.94 (0.66-1.32) 0.70 0.91 (0.66-1.25) 0.56
0.39-0.6 (ug/l) 267 767 1.32 (0.99-1.77) 0.06 1.28 (0.94-1.74) 0.11 1.21(0.90-1.62) 0.20
>0.6 (ug/l) 240 676 1.96 (1.45-2.64) <0.001 1.82 (1.33-2.50) <0.001 1.49 (1.06-2.09) 0.02
CVD mortality
<0.24 (ug/l) 30 733 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.24-0.39 (ug/l) 44 769 1.21(0.70-2.11) 0.496 1.22 (0.69-2.17) 0.496 1.16 (0.65-2.07) 0.61
0.39-0.6 (ug/l) 69 767 1.46 (0.75-2.85) 0.26 1.38 (0.71-2.68) 0.33 1.26 (0.65-2.46) 0.49
>0.6 (ug/l) 55 676 2.12(1.06-4.28) 0.04 1.92 (0.94-3.93) 0.07 1.55 (0.70-3.45) 0.28
Cancer mortality
<0.24 (ug/)) 28 733 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.24-0.39 (ug/l) 35 769 0.88 (0.40-1.95) 0.75 0.92 (0.42-2.05) 0.85 0.89 (0.43-1.87) 0.76
0.39-0.6 (ug/l) 43 767 0.82 (0.43-1.58) 0.55 0.81(0.42-1.58) 0.54 0.79 (0.41-1.52) 0.48
>0.6 (ug/l) 48 676 1.95 (0.95-3.98) 0.07 1.85(0.91-3.77) 0.09 1.21(0.57-2.59) 0.61
CRP
All-cause mortality
<0.08 (mg/dL) 176 727 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.21 (mg/dL) 216 775 1.36 (1.01-1.84) 0.045 1.32 (0.97-1.77) 0.07 1.26 (0.94-1.68) 0.12
0.21-0.49 (mg/dL) 206 708 1.53 (1.21-1.95) 0.001 1.44 (1.12-1.84) 0.01 1.38 (1.08-1.77) 0.01
>0.49 (mg/dL) 210 735 1.90 (1.44-2.52) <0.001 1.76 (1.34-2.32) <0.001 1.65 (1.24-2.19) 0.001
CVD mortality
<0.08 (mg/dL) 44 727 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.21 (mg/dL) 53 775 1.33(0.84-2.10) 0.21 1.35(0.81-2.25) 0.25 1.37 (0.81-2.31) 0.24
0.21-0.49 (mg/dL) 56 708 1.66 (0.84-3.30) 0.14 1.58 (0.76-3.28) 0.22 1.65 (0.76-3.56) 0.20
>0.49 (mg/dL) 45 735 1.37 (0.76-2.47) 0.29 1.26 (0.68-2.34) 0.46 1.24 (0.67-2.31) 0.49
Cancer mortality
<0.08 (mg/dL) 25 727 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.21 (mg/dL) 40 775 2.65 (1.46-4.79) 0.002 2.51 (1.40-4.49) 0.002 2.13 (1.18-3.84) 0.01
0.21-0.49 (mg/dL) 44 708 2.98 (1.71-5.17) <0.001 2.77 (1.58-4.83) 0.001 2.23(1.27-3.92) 0.01
>0.49 (mg/dL) 45 735 4.25 (2.28-7.90) <0.001 4.06 (2.23-7.42) <0.001 3.25 (1.82-5.80) <0.001

aModel 1: adjusted for age and sex.
bModel 2: Model 1, additionally adjusted for education, marital status, race, the ratio of family income to poverty.
SModel 3: Model 2, additionally adjusted for BMI, drinking, smoking, physical activity.
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TABLE 3 | HR(95%Cls) for all-cause and cause-specific mortality according to serum 25(0H)D,Cadmium and CRP among participants without diabetes.

Life styles Deaths Total population Model 12 Model 2° Model 3°

HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
Serum 25 (OH)D
All-cause mortality
<25.0 (nmol/L) 88 710 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 624 5,118 0.77 (0.60-0.98) 0.03 0.88 (0.68-1.13) 0.30 0.97 (0.75-1.25) 0.79
50.0-74.9 (nmol/L) 810 6,881 0.51 (0.39-0.68) <0.001 0.63 (0.47-0.86) 0.004 0.73(0.54-0.99) 0.04
>75.0 (hnmol/L) 459 4,567 0.44 (0.32-0.60) <0.001 0.57 (0.40-0.80) 0.001 0.67 (0.48-0.93) 0.02
CVD mortality
<25.0 (nmol/L) 18 710 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 128 5,118 0.86 (0.51-1.46) 0.58 0.92 (0.52-1.62) 0.77 0.98 (0.55-1.72) 0.93
50.0-74.9 (nmol/L) 167 6,881 0.51 (0.29-0.87) 0.02 0.56 (0.32-1.00) 0.05 0.62 (0.35-1.11) 0.10
>75.0 (nmol/L) 87 4,567 0.38 (0.22-0.67) 0.001 0.44 (0.24-0.80) 0.01 0.50 (0.28-0.91) 0.02
Cancer mortality
<25.0 (nmol/L) 26 710 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
25.0-49.9 (nmol/L) 168 5,118 0.64 (0.40-1.03) 0.07 0.78 (0.49-1.25) 0.31 0.88 (0.54-1.44) 0.62
50.0-74.9 (nmol/L) 170 6,881 0.38 (0.22-0.65) 0.001 0.52 (0.30-0.90) 0.02 0.63 (0.36-1.10) 0.10
>75.0 (hnmol/L) 108 4,567 0.33(0.19-0.56) <0.001 0.47 (0.27-0.83) 0.01 0.58 (0.33-1.03) 0.06
Cadmium
All-cause mortality
<0.21 (ug/)) 200 4,247 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.21-0.37 (ug/l) 338 4,506 1.05 (0.82-1.34) 0.71 1.05 (0.83-1.34) 0.68 1.01 (0.80-1.29) 0.92
0.37-0.6 (ug/l) 677 4,273 1.35 (1.06-1.793) 0.02 1.31(1.03-1.65) 0.03 1.18 (0.94-1.49) 0.15
>0.6 (ug/l) 766 4,250 2.47 (1.99-3.06) <0.001 2.15 (1.74-2.66) <0.001 1.70 (1.34-2.15) <0.001
CVD mortality
<0.21 (ug/l) 42 4,247 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.21-0.37 (ug/l) 73 4,506 0.89 (0.58-1.38) 0.60 0.90 (0.59-1.39) 0.64 0.88 (0.58-1.35) 0.56
0.37-0.6 (ug/l) 141 4,273 1.17 (0.75-1.81) 0.49 1.14 (0.74-1.77) 0.55 1.04 (0.68-1.62) 0.83
>0.6 (ug/l) 144 4,250 1.67 (1.06-2.63) 0.03 1.49 (0.95-2.34) 0.08 1.26 (0.77-2.08) 0.35
Cancer mortality
<0.21 (ug/)) 47 4,247 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.21-0.37 (ug/l) 87 4,506 1.46 (0.93-2.31) 0.10 1.45(0.93-2.27) 0.10 1.35(0.86-2.12) 0.20
0.37-0.6 (ug/l) 141 4,273 1.66 (1.10-2.51) 0.02 1.61 (1.07-2.41) 0.02 1.34 (0.89-2.02) 0.16
>0.6 (ug/l) 197 4,250 3.37 (2.30-4.96) <0.001 3.04 (2.06-4.49) <0.001 2.08 (1.35-3.22) 0.001
CRP
All-cause mortality
<0.08 (mg/dL) 327 4,156 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.2 (mg/dL) 525 4,705 1.08 (0.89-1.20) 0.66 1.02 (0.88-1.19) 0.78 1.03 (0.88-1.21) 0.69
0.2-0.46 (mg/dL) 539 4,175 1.22 (1.03-1.45) 0.02 1.19 (0.99-1.43) 0.07 1.18 (0.98-1.43) 0.08
>0.46 (mg/dL) 590 4,240 1.77 (1.49-2.11) <0.001 1.65 (1.38-1.97) <0.001 1.62 (1.34-1.96) <0.001
CVD mortality
<0.08 (mg/dL) 70 4,156 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.2 (mg/dL) 112 4,705 1.01 (0.72-1.44) 0.94 1.00 (0.71-1.43) 0.98 0.98 (0.68-1.42) 0.91
0.2-0.46 (mg/dL) 101 4,175 0.99 (0.74-1.31) 0.92 0.97 (0.72-1.29) 0.82 0.92 (0.68-1.24) 0.58
>0.46 (mg/dL) 117 4,240 1.61(1.12-2.39) 0.01 1.52 (1.05-2.19) 0.03 1.41(0.97-2.04) 0.07
Cancer mortality
<0.08 (mg/dL) 74 4,156 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]
0.08-0.2 (mg/dL) 116 4,705 1.05 (0.74-1.48) 0.80 1.03 (0.73-1.44) 0.88 1.00 (0.71-1.40) 0.99
0.2-0.46 (mg/dL) 127 4,175 1.18 (0.87-1.16) 0.28 1.13 (0.83-1.55) 0.44 1.06 (0.76-1.48) 0.73
>0.46 (mg/dL) 155 4,240 1.98 (1.44-2.71) <0.001 1.79 (1.31-2.47) <0.001 1.62 (1.15-2.28) 0.01

aModel 1: adjusted for age and sex.
bModel 2: Model 1, additionally adjusted for education, marital status, race, the ratio of family income to poverty.
SModel 3: Model 2, additionally adjusted for BMI, drinking, smoking, physical activity.
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associated with higher all-cause mortality (HR = 1.62, 95%CI =
1.34-1.96, P < 0.001) and cancer mortality (HR = 1.62, 95%CI =
1.15-2.28, P = 0.006). Other details were presented in Table 3.

Sensitivity Analyses

In this study, sensitivity analyses were performed on diabetic
and non-diabetic patients, excluding the follow-up time of less
than 2 years. In diabetic patients, serum 25(OH)D and CRP were
associated with all-cause mortality. Cadmium and CRP were
associated with all-cause mortality in non-diabetics. Details were
in the Supplementary Tables 1, 2.

Subgroup Analyses

We conducted subgroup analyses of diabetic and non-diabetic
people based on age (based on whether the group was older
than 65) and gender. serum 25(OH)D and CRP were associated
with all-cause mortality in male diabetic patients; serum
25(OH)D, cadmium, and CRP were associated with all-cause
mortality in female diabetic patients (Supplementary Table 3).
Serum 25(OH)D was associated with all-cause mortality in
diabetic patients younger than 65; serum 25(OH)D, cadmium,
and CRP were associated with all-cause mortality in diabetic
patients older than 65 (Supplementary Table4). Cadmium

and CRP were associated with all-cause mortality in male
non-diabetic patients; serum vitamin D, cadmium, and CRP
were associated with all-cause mortality in female non-diabetic
patients (Supplementary Table 5). Serum 25(OH)D, cadmium,
and CRP were associated with all-cause mortality in non-diabetic
patients younger than 65; cadmium and CRP were associated
with all-cause mortality in non-diabetic patients older than 65
(Supplementary Table 6).

The Dose-Response Relationship

After adjusting for multiple covariates, RCS analysis showed
that there was a significant nonlinear association between serum
25(OH)D (P-nonlinearity < 0.001, Figure 1A), cadmium (P-
nonlinearity = 0.002, Figure 1B), CRP (P-nonlinearity = 0.003,
Figure 1C), and HR for all-cause mortality risk in diabetic
patients. When the serum 25(OH)D concentration is 54.7
nmol/L, HR changes reached a plateau (Figure1). As the
concentration of CRP and cadmium increased, the HR of all-
cause mortality increased. There was a significant nonlinear
association between serum vitamin D (P-nonlinearity < 0.001,
Figure 2A), cadmium (P-nonlinearity < 0.001, Figure 2B),
CRP (P-nonlinearity P< 0.001, Figure2C) and HR for all-
cause mortality risk in non-diabetic patients. When the serum

Multivariate—adjusted HRs for All-cause Mortality
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\

T T T T
0 2 4 6 8 10 12 14 16 18
Concentration of c—reactive protein(mg/dl)

T T T T
0 5 1 L5 2 25 3 35 4 45 5 55
Concentration of cadmium (ug/l)

FIGURE 1 | The restricted cubic spline for the association between serum 25(OH)D (A), cadmium (B), C-reactive protein (C) and risk of all-cause mortality among
adults with diabetes. Knots were placed at the 5th, 50th, and 75th percentiles of the serum 25(0OH)D, cadmium, C-reactive protein distribution. Adjustment factors
were age, sex, education, marital status, race, the ratio of family income to poverty, BMI, drinking, smoking, physical activity. HR, hazard ratio; LL, lower limit; UL,
upper limit.
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FIGURE 2 | The restricted cubic spline for the association between serum 25(OH)D (A), cadmium (B), C-reactive protein (C) and risk of all-cause mortality among
adults non-diabetes. Knots were placed at the 5th, 50th, and 75th percentiles of the serum 25(0OH)D, cadmium, C-reactive protein distribution. Adjustment factors
were age, sex, education, marital status, race, the ratio of family income to poverty, BMI, drinking, smoking, physical activity. HR, hazard ratio; LL, lower limit; UL,

upper limit.

25(OH)D concentration is 60 nmol/L, HR changes reached a
plateau (Figure 2). As the concentration of CRP and cadmium
increased, the HR of all-cause mortality increased.

DISCUSSION

In diabetic patients, serum 25(OH)D, cadmium, and CRP
were associated with all-cause mortality; serum 25(OH)D was
associated with cardiovascular mortality; CRP was associated
with cancer mortality. The same conclusions were obtained in
non-diabetic patients, but with different levels of risk. Subgroup
analyses and sensitivity analyses obtained slightly different
results. The results of RCS analyses showed that serum 25(OH)D,
cadmium, and CRP had a nonlinear dose-response relationship
with the HR of all-cause mortality.

Stratified Mendelian randomization analysis demonstrated
a causal relationship between 25(OH)D concentrations and
mortality in individuals with low vitamin D status (24). A
large cohort study from the UK Biobank, which included
365,530 participants, the results showed that a higher 25(0H)D
concentration was non-linearly associated with a lower risk

of all-cause, CVD, and cancer mortality. A threshold of 60
nmol/L of 25(OH)D for all-cause and CVD deaths and at 45
nmol/L for cancer deaths, so 45 to 60 nmol/L may represent
an intervention goal to reduce the overall risk of premature
death (25). In our study, the threshold for diabetic people is 54.7
nmol/L, and the threshold for non-diabetic people is 60 nmol/L.
Studies have shown that daily vitamin D supplementation to
maintain serum 25(OH)D levels >100 nmol/L is a promising
approach to reduce the risk of diabetes in adults with prediabetes
(26). Studies have shown that in CVD patients, elevated serum
25(OH)D levels are associated with a reduced risk of all-
cause and cause-specific mortality (27). Studies have shown
that in patients with vitamin D deficiency and no history of
myocardial infarction, maintaining (25-OH)D levels at 30 ng/mL
at the time of treatment is associated with a lower risk of
myocardial infarction (28). A large cohort study in Germany
obtained the same results. There was a strong association
between 25-hydroxyvitamin D concentration and mortality from
all-cause, cardiovascular, cancer, and respiratory diseases (29).
The subjects of the two research were the whole population.
When we divided the subjects into diabetic and non-diabetic
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subjects, no correlation was found between serum 25(OH)D
and cancer mortality. A study specifically for diabetic patients
also confirmed our results. A study from the Third National
Health and Nutrition Examination Survey (NHANES III) and
NHANES 2001-2014 included 6,329 adult diabetic patients. The
results showed that serum 25(OH)D was associated with all-cause
mortality and CVD mortality (30). Our conclusions need to be
validated by a standardized and large-scale RCT (31).

The Korean National Health and Nutrition Examination
Survey (KNHANES), a cross-sectional study based on 10,626
participants aged 20-59 years, found that high blood cadmium
levels may be related to stroke and hypertension prevalent in
people under 60 (32). A study using data from the National
Health and Nutrition Examination Survey (NHANES 1999-
2014) showed that there was a potential positive correlation
between the concentration of heavy metal mixtures (including
cadmium) and overall, CVD, and cancer mortality (33). But
the method used is poisson regression analysis and the method
we used was cox regression analysis. At the same time, the
study emphasizes the effect of multiple metal mixtures on all-
cause mortality and specific-cause mortality. Our study paid
more attention to the individual effects of cadmium in serum.
A study with data from NHANES found that zinc intake may
change the association between cadmium and mortality. In
addition, the Cd/Zn ratio was positively correlated with all-cause
mortality, cancer, and CVD mortality (34). Our research paid
more attention to the relationship between serum 25(OH)D,
cadmium, and CRP with mortality among people in diabetic
and non-diabetic.

A meta-analysis showed that CRP has a non-linear
relationship with all-cause mortality and CVD mortality
and a linear relationship with cancer and non-cardiovascular
mortality (35). Our study also found that CRP had a non-linear
relationship with all-cause mortality. A meta-analysis based on
a cohort study showed that CRP levels can predict the risk of
all-cause mortality and cardiovascular mortality in the general
population (36). The indicator calculated by two meta-analyses
were RR and our study used HR, which may be the reason for
the difference. A study from NHANES (1999-2011) showed
that higher levels of CRP were associated with lower overall
survival rates and CVD survival rates (37). Our research result
was that CRP was associated with all-cause mortality and cancer
mortality. The reason may be that we divide the study subjects
into diabetic and non-diabetic patients, or the overall level of
CRP in this study is low.

This study had the following advantages: Firstly, the study
was prospective study design with a larger sample (20,221
participants) and the follow-up time was longer (NAHNEAS
2001-2010, follow-up to 31 December, 2015). Secondly, we
analyzed the diabetic and non-diabetic separately. Thirdly, we
did both subgroup analyses and sensitivity analyses. Fourthly,
we also analyzed the effects of serum 25(OH)D, cadmium,
and CRP on all-cause mortality and specific-cause mortality.
Several limitations should also be noted. First of all, some

statistical indicators were obtained by self-reporting and
had bias. Secondly, although we adjusted many confounding
factors, other unknown confounding factors may also have
an impact on the research results. Finally, this research
was designed for observational research, so causality cannot
be determined.

CONCLUSION

In diabetic patients, serum 25(OH)D, cadmium, and CRP were
related to all-cause mortality; serum 25(OH)D was related to
cardiovascular mortality; CRP was related to cancer mortality.
The similar conclusions were obtained in non-diabetic patients,
but with different risk levels. Our conclusions needed to be
confirmed and supplemented by follow-up studies.
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