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Abstract
Objective: Relationship between folate level and coronary heart disease (CHD) risk is 
still inconclusive. The current study is to explore the association between serum folate 
concentration and CHD prevalence.

Methods: A cross-sectional study was performed utilizing the 1999-2012 National 
Health and Nutrition Examination Survey (NHANES). Firstly, logistic regression analysis 
was applied to explore the association between folate status, as a category variable, and 
CHD prevalence, and odds ratios (ORs) along with 95% confidence intervals (CIs) were 
computed to measure the association strengths. Secondly, a combination of restricted 
cubic spline and logistic regression analysis was used to illustrate the non-linear 
association between folate level, as a continuous variable, and CHD prevalence, and OR 
curve was drawn to display the relationship.

Results: 33577 participants were included, with 1391 (4.14%) CHD patients. Persons in 
the highest tertile of serum folate concentration have elevated risk of CHD prevalence 
compared to those in the lowest tertile (adjusted OR: 1.20; 95% CI: 1.04-1.37, P=0.01). 
The OR curve also demonstrated a positive association between serum folate 
concentration and CHD prevalence.

Conclusions: The current study revealed that high serum folate concentrations are 
associated with an elevated CHD prevalence.

Abbreviations: CHD: Coronary Heart Disease; NHANES: National Health and Nutrition 
Examination Survey; NCHS: National Center for Health Statistics; BR: Bio-Rad; MA: 
Microbiologic Assay; LC-MS: Liquid Chromatography-Mass Spectrometry; MeFox: 
4-α-hydroxy-5-Methyltetrahydrofolate; HDL: High-Density Lipoprotein; BP: Blood 
Pressure; HbA1c: Glycated Hemoglobin; FPG: Fasting Plasma Glucose; OR: Odds Ratio; CI: 
Confidence Interval; CVD: Cardiovascular Disease; 5-MTHF: 5-Methylenetetrahydrofolate.

Keywords: Folate; Coronary heart disease; Cross-sectional.

Introduction
Coronary heart disease (CHD) is still a significant contributor to mortality [1,2] and 

it has a prevalence of over 10% in the United States [3]. Previous studies have established 
several CHD risk factors, including age, gender, blood pressure, lipid profiles, diabetes, 
and smoking [4-6]. Recently, several investigations have shifted to the role of biomarkers 
on CHD risk [7-9]. A number of studies have focused on the association between folate, 
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a popular biomarker, and CHD risk [10-15]. Nevertheless, the 
magnitude of the association is still unclear due to inconsistent 
findings.

Therefore, the current cross-sectional study was conducted 
based on a large U.S. nationally representative sample, 1999-
2012 National Health and Nutritional Examination Survey 
(NHANES), aiming to explore the relationship between serum 
folate concentration and CHD prevalence.

Methods
Study Population

Data were retrieved from the public available files of 
NHANES. NHANES was conducted by the National Center for 
Health Statistics (NCHS) and used a stratified, multistage 
probability design to obtain a national representative sample 
of the U.S. general population. This study was restricted to 
adults (≥ 20 years) who were included in NHANES during 
1999 to 2012 (n=38024). Those with missing information on 
serum levels of folate and/or CHD status were excluded 
(n=4447). The NCHS Research Ethics Review Board reviewed 
and approved NHANES, and all participants provided written 
informed consent.

Serum Folate Concentrations
Three different laboratory methods were used to measure 

serum folate levels in the current study. The Bio-Rad (BR) 
radio assay, microbiologic assay (MA) and liquid 
chromatography–mass spectrometry (LC-MS) were used 
during 1999-2006, 2007-2010, and 2011-2012, respectively. 
As recommended by NHANES protocol, the BR and LC-MS 
values were converted to equivalent MA values using the 
following equation.
FOLadjusted = 10(0.0188 X χ3 - 2.7109 X χ- 12 + 3.8276), where χ = log10FOLBR

FOLadjusted = FOLLC-MS-MeFox
FOLBR and FOLLC-MS refer to the values obtained from BR 

and LC-MS assays, and FOLadjusted refers to the adjusted 
equivalent MA values. MeFox refers to the values of 
4-α-hydroxy-5-methyltetrahydrofolate.

CHD Prevalence
Participants were asked whether they had ever been told 

by a doctor or other health professional that they had CHD. 
Prevalence was calculated as the number of people who had 
CHD divided by the total number of participants.

Covariates
The 10-year CHD risk predictors identified in Framingham 

Heart Study were included as covariates and adjusted in 
multivariate analysis, which included age, gender, diabetes, 
smoking, total cholesterol, high-density lipoprotein (HDL), 
and blood pressure (BP) [16]. Age was categorized as 20-39 
years, 40-59 years and 60 years or over. Diabetes was defined 
as any participant who had a glycated hemoglobin (HbA1c) 
level≥6.5%, a fasting plasma glucose (FPG) level ≥126 mg/dL, 
or had ever been told by a doctor or other health professional 
that he/she had diabetes [17]. Smoking status was determined 

by self-reported current smoking. Total cholesterol and HDL 
levels were categorized as ideal (total cholesterol: <200 mg/
dL; HDL: ≥60 mg/dL), intermediate (total cholesterol: 200-239 
mg/dL; HDL: 40-<60 mg/dL) and poor (total cholesterol: ≥240 
mg/dL; HDL: <40 mg/dL) [18]. Blood pressure status was 
divided into normal (systolic BP<120 mm Hg and diastolic BP 
<80 mm Hg), prehypertension (systolic BP 120-139 mm Hg or 
diastolic BP 80-89 mm Hg) and hypertension (systolic BP≥140 
mm Hg or diastolic BP ≥90 mm Hg) [19].

Statistical Analysis
Mean ± standard deviation and number (percentage) 

were used to display continuous variables and categorical 
variables, respectively.

Firstly, univariate and multivariate logistic regression 
analyses were applied and odds ratios (ORs) and 95% 
confidence intervals (CIs) were obtained to explore the 
relationships between serum folate concentration and CHD 
prevalence. Serum folate concentration was divided into 
tertiles and the first tertile was used as the reference group.

Secondly, restricted cubic spline in logistic regression 
analysis was used to develop OR curve and examine the possible 
nonlinear dose-response association between serum folate 
concentration and CHD prevalence. Folate status was treated as 
a continuous variable with four knots (5th, 35th, 65th and 95th) 
suggested by Harrell [20]. The covariates were also adjusted and 
the median value of serum folate concentration, 36 nmol/L, was 
chosen as the reference point [21].

All statistical tests were conducted with Stata software, 
version 14.1 (Stata Corporation, College Station, Texas). A two-
sided P value < 0.05 was considered statistically significant.

Results & Discussions
Finally, 33577 participants were included and 1391 (4.14%)

self-reported CHD were documented. The characteristics of 
the subjects are presented in Table 1.

Figure 1. Odds ratio curve for coronary heart disease prevalence by 
serum folate concentration. Adjusted for age, gender, total 
cholesterol, high-density lipoprotein, blood pressure status, 

diabetes, and current smoking.
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In the univariate analysis, those with a serum folate 
concentration in the third tertiles were linked to 69% greater 
risk of CHD compared to those from the reference group (OR: 
1.69; 95% CI: 1.48-1.92, P<0.01). Adjustment of potential 
confounders did not alter the association (OR: 1.20; 95% CI: 
1.04-1.37, P=0.01) (Table 2). The results of the association 
between folate status, as a continuous variable, and CHD 
prevalence are displayed in Figure 1. The risk of CHD was 
increased with the raise of serum folate levels, although the 
upward trend was slightly attenuated around 30 to 40 nmol/L. 
Thus, the findings of the nonlinear association were generally 
consistent with those in the tertiles analysis.

Table 1. Characteristic of participants by serum folate tertiles [mean 
± standard deviation or n (%)].

Variables Folate tertiles* Overall 
(n=33577)

Tertile 1 
(n=11216)

Tertile 2 
(n=11178)

Tertile 3 
(n=11183)

Age
 Continuous (years) 46.26 ± 17.30 46.94 ± 17.62 55.04 ± 18.94 49.41 ± 18.40
 20-39 years 4519 (40.29) 4357 (38.98) 2891 (25.85) 11767 (35.04)
 40-59 years 3792 (33.81) 3731 (33.38) 3023 (27.03) 10546 (31.41)
 ≥60 years 2905 (25.90) 3090 (27.64) 5269 (47.12) 11264 (33.55)
Gender
 Males 5916 (52.75) 5705 (51.04) 4579 (40.95) 16200 (48.25)
 Females 5300 (47.25) 5473 (48.96) 6604 (59.05) 17377 (51.75)
Total cholesterol
 Continuous (mg/dL) 195.01 ± 42.06 199.18 ± 42.24 203.05 ± 43.53 199.08 ± 42.74
 Ideal 6408 (57.43) 5994 (53.91) 5520 (49.66) 17922 (53.67)
 Intermediate 3254 (29.17) 3394 (30.52) 3610 (32.48) 10258 (30.72)
 Poor 1495 (13.40) 1731 (15.57) 1986 (17.87)  5212 (15.61)
High-density lipoprotein
 Continuous (mg/dL) 51.16 ± 15.47 52.28 ± 15.69 55.24 ± 16.65 52.89 ± 16.03
 Ideal 2541 (22.77) 2863 (25.75) 3689 (33.19)  9093 (27.23)
 Intermediate 5812 (52.09) 5680 (51.08) 5395 (48.54) 16887 (50.58)
 Poor 2804 (25.13) 2576 (23.17) 2030 (18.27)  7410 (22.19)
Blood pressure status
 Normal 4825 (43.02) 4823 (43.15) 4455 (39.84) 14103 (42.00)
 Prehypertension 3958 (35.29) 3772 (33.74) 3782 (33.82) 11512 (34.29)
 Hypertension 2433 (21.69) 2583 (23.11) 2946 (26.34)  7962 (23.71)
Diabetes
 Yes 1506 (13.43) 1519 (13.59) 1659 (14.84)  4684 (13.95)
 No 9710 (86.57) 9659 (86.41) 9524 (85.16) 28893 (86.05)
Current smoking
 Yes 3129 (27.92) 2627 (23.52) 1498 (13.41)  7254 (21.63)
 No 8078 (72.08) 8540 (76.48) 9671 (86.59) 26289 (78.37)

* Tertile 1: <26.7 nmol/L; tertile 2: 26.7 to 46.5 nmol/L; tertile 3: >46.5 
nmol/L.

Table 2. Association between serum folate tertiles and coronary 
heart disease prevalence.

Folate 
tertiles*

Cases/
Participants

Prevalence 
(%)

Crude OR 
(95% CI) P Adjusted OR 

(95% CI)** P

Tertile 1 380/11216 3.39 reference --- reference ---

Tertile 2 386/11178 3.45 1.02 
(0.88-1.18) 0.79 0.99 

(0.85-1.15) 0.90

Tertile 3 625/11183 5.59 1.69 
(1.48-1.92) <0.01 1.20 

(1.04-1.37) 0.01

* Tertile 1: <26.7 nmol/L; tertile 2: 26.7 to 46.5 nmol/L; tertile 3: >46.5 
nmol/L.

** Adjusted for age, gender, total cholesterol, high-density lipoprotein, 
blood pressure status, diabetes, and current smoking.

The adverse heart health effects,caused by excess folate 
levels, were also observed in other studies, which are in 
agreement with the findings of this study. A recent study has 
found 31% and 51% increased risk of CHD among males and 
females with elevated folate levels (serum folate concentration 
≥ 49.4 nmol/L) [22]. A large U.S. cohort observed a positive 
relationship between serum folate levels and cardiovascular 
disease (CVD) mortality among participants with diabetes [23]. 
The phenomenon can be explained by several possible 
mechanisms. One theory is that excess folate concentrations 
may lead to significant increase in the levels of non-bound 
folate, which will accelerate the degradation rate of folate [24]. 
Another is that high folate levels could reduce the levels of 
thymidylate and 5-methylenetetrahydrofolate (5-MTHF), thus 
impairing DNA integrity and affecting protein production [25]. 
However, some studies have displayed an inverse association 
between folate levels and CHD risk. A Canadian cohort has 
found that persons with lowest folate concentration have 69% 
additional risk of CHD mortality (rate ratio: 1.69; 95% CI: 1.10-
2.61) in comparison to those with highest folate levels [10]. 
And a U.S. cohort has revealed who have folate level in the 
lowest tertile, compared with those in the highest tertile, have 
more than a 2-fold raised risk of dying from CVD. What is 
interesting, some studies have displayed the possible nonlinear 
association between folate and CHD. A U.S. study has reported 
a U-shaped relationship between serum folate concentration 
and circulatory disease incidence [26]. While, an Australian 
cohort has displayed a reversed U-shaped correlation pattern 
between folate level and CHD mortality [15]. Therefore, the 
true relationship of serum folate concentration and CHD risk is 
quite complicated and need further explorations.

The current study has several strengths. Firstly, it was 
based on a large national representative sample to assessing 
the relationship between folate level and CHD prevalence. 
Secondly, the variables that were recognized as CHD predictors 
were adjusted in the analysis, so as to eliminating their effects 
on CHD risk. There are some limitations to this study as well. 
One major concern is about the cross-sectional study design, 
which prevented the current study to demonstrate temporality 
between the folate level and CHD incidence and/or mortality. 
Another concern is the outcome and some covariates were 
self-reported and thus were not verified. Moreover, we do not 
take some diseases and conditions into consideration and 
they may have an influence on the folate-CHD association.

Conclusions
Using a large-scale U.S. national representative sample, the 

present study revealed that higher serum folate concentration 
was associated with significant higher CHD prevalence. The 
findings need to be confirmed by further investigations.
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