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Background and aims: The evidence regarding folate intake and mortality risk among patients with type 2 diabetes (T2D) remains unclear. This study aimed to investigate the association of folate intake with the risk of mortality among individuals with T2D.

Methods: A total of 9,196 participants with T2D from the Third National Health and Nutrition Examination Survey (NHANES III) and NHANES 1999–2014 were included. The data of survival were obtained by the cohort database linked with the national death index up to 31 December 2015. The Cox proportional hazard model was used to evaluate the relationship between dietary folate with all-cause and cause-specific mortality.

Results: Among patients with T2D, dietary folate intake was negatively correlated with all-cause mortality, cardiovascular mortality, and cancer mortality in men, and for women with all-cause mortality and cardiovascular mortality. The multivariate adjustment hazard ratio (HR) (95% CIs) for men of highest vs. lowest quartile was 0.77 (0.66–0.90), 0.61 (0.45–0.83), and 0.70 (0.49–0.99) for all-cause, cardiovascular, and cancer mortality, respectively. Among women, the multivariate adjustment HR (95% CIs) of highest vs. lowest quartile was 0.77 (0.64–0.92), 0.52 (0.33–0.83), and 0.78 (0.50–1.22) for all-cause, cardiovascular, and cancer mortality, respectively.

Conclusion: Higher dietary intake of folate was significantly associated with lower all-cause and cardiovascular mortality. This cohort study suggested that increasing the dietary folate intake may reduce mortality risk among U.S. adults with T2D.
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Introduction

Folate and its natural derivatives are vitamin B9-based compounds, which are essential micronutrients and are essential for normal cell function. Mammals do not have the ability to synthesize folate and must absorb folate from their diet (1).

Diabetes is one of the most common chronic ailments and a major healthcare problem in worldwide (2). Compared with healthy individuals, previous studies found that patients with T2D had significantly lower circulating folate concentrations (3). And folate has a considerable positive impact on Metabolic syndrome (4), especially diabetes (5, 6). Therefore, it is important to investigate the association of folate with long-term health outcomes in patients with T2D.

Several epidemiological studies have investigated the relationship between dietary folate intake and the risk of death (7–10). Nevertheless, most of these studies were conducted among general population or specific population, such as the elderly and cancer patients. The evidence for patients with diabetes is limited (11–14). Therefore, prospective cohort studies are needed to provide reliable estimates and accurate results for patients with diabetes. To address these research gaps, we prospectively investigated the relationship between folate dietary intake and the risk of all-cause and cause-specific mortality among U.S. patients with T2D, by using national representative sample data from the National Health and Nutrition Examination Survey (NHANES).



Materials and methods


Study population

The NHANES is conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention (CDC). It is a stratified, multistage, and national survey which uses a representative sample of the non-institutionalized civilian population of the U.S.A. (15). Information on lifestyle factors, health, and dietary folate intake status was collected from each participant. In this research, the data of NHANES III (1988–1994) and NHANES from 1999 to 2014 were used. Participants (aged ≥ 20 years old) with T2D were included. T2D was defined by fasting plasma glucose ≥7.0 mmol/L, and/or hemoglobin HbA1c level >6.5%, and/or self-reported doctor-diagnosed T2D, and/or use of insulin or oral hypoglycemic medication. A total of 9,196 patients with diabetes were included. All participants have received written informed consent.



Measurement of dietary folate intake

Dietary folate data were evaluated by trained interviewers through 24-h dietary recall. During the NHANES III and 1999–2002 survey cycles, participants conducted one single day 24-h dietary recall at the Mobile testing Center (MEC). Since 2003, two dietary recalls have been conducted. The first dietary recall was conducted in-person in MEC, and the second dietary recall was conducted 3–10 days later via telephone. Dietary folate intake was assessed using the U.S. Department of Agriculture (USDA) Food and Nutrient Database for Dietary Studies (FNDDS) version 1.0–5.0 (16).



Ascertainment of mortality

Information on all-cause and cause-specific mortality status was obtained by linking the cohort database with the national death index up to 31 December 2015. The outcomes of the current study were all-cause mortality, cardiovascular mortality, and cancer mortality, which were determined according to the 10th revision of the International Classification of Diseases (ICD-10). Cardiovascular mortality was defined as the ICD-10 code of I00-I09, I11, I13, I20-I51, or I60-I69; and cancer mortality was defined as the ICD-10 code of C00-C97. Each individual's Time-to-event was calculated from the date of recruitment to the date of death or the censor date (31 December 2015), whichever came earlier.



Covariates

The following variables were considered as covariates based on the literature review: age (years), gender (male or female), race (Hispanic, non-Hispanic white, non-Hispanic black, and racial including multi-race), smoking (never, former, or current), alcohol drinking (never, low to moderate, or heavy), the ratio of family income to poverty (≤1, 1–3, or >3), leisure time physical activity [defined as the product of metabolic equivalent value (MET)] and self-reported cardiovascular disease (yes or no) and hypertension (yes or no). Body mass index (BMI) was calculated as weight (kg) divided by height (meters squared).



Statistical analysis

We used numbers (percentages) to describe classified variables and means (standard deviation) to describe continuous variables (17). Cox proportional hazard model was used to evaluate the relationship between dietary folate and all-cause and cause-specific mortality. Dietary folate intake was divided into four quartiles; we selected the first quartile as the reference group, and adopt two different models: not adjusted any variable with the crude model and the multivariate model adjusted for age, leisure time physical activity, ethnicity, BMI, family income, smoking, drinking, hypertension, and cardiovascular disease. Stratified analyses were conducted based on age (<60 years old or ≥60 years old), current smoker (yes or no), current drinker (yes or no), and body mass index (<30 or ≥30 kg/m2). We examined each potential correction factor separately by adding a multiplicative interaction term (i.e., continuous dietary nutrient intake parameter * potential correction factor).

To examine the relationships' robustness, we conducted two sensitivity analyses: (1) excluding participants without cardiovascular disease at baseline and (2) excluding patients who died within 2 years of follow-up. All statistical analyses were conducted using SPSS25.0. The p < 0.05 was considered to be statistically significant.




Results


General characteristics

The general characteristics of the participants are shown in Table 1. A total of 9,196 participants with T2D was included, with an average age of 61.7 (SD: 14.0) years at baseline, 4,507 men (49.01%) and 4,689 (50.99%) women. During a median follow-up of 7.3 years [interquartile range (IQR): 3.8–12.4], 3,495 participants died, including 818 from cardiovascular disease and 607 from cancer. Compared with survivors, participants who died were more likely to be elderly, female, and non-Hispanic white; less likely to be never smoker; and more likely to have hypertension and cardiovascular disease at baseline.


TABLE 1 Baseline characteristics of the study population.
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Dietary folate with all-cause and cause-specific mortality

The sex-specific relationship between dietary folate intake and all-cause and cause-specific mortality among patients with T2D is shown in Table 2. In men, we found that folate intake was negatively correlated with all-cause mortality, cardiovascular mortality, and cancer mortality. The multivariate adjustment hazard ratio (HR) (95% CIs) of men highest vs. lowest quartile was 0.77 (0.66–0.90), 0.61 (0.45–0.83), and 0.70 (0.49–0.99) for all-cause mortality, cardiovascular mortality, and cancer mortality, respectively. In women, folate intake was negatively correlated with all-cause mortality and cardiovascular mortality, but not with cancer mortality. The highest vs. lowest quartile HR (95% CIs) was 0.77 (0.64–0.92), 0.52 (0.33–0.83), and 0.78 (0.50–1.22) for all-cause, cardiovascular, and cancer mortality, respectively.


TABLE 2 Hazard ratio (HRs) and 95% CIs for all-cause and cause-specific mortality according to Quintiles of dietary Folate.
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Stratified analyses and sensitivity analysis

The relationships between dietary folate intake and all-cause and cause-specific mortality were generally similar among subgroups, although some differences were not statistically significant, as shown in Table 3. A statistically significant interaction was observed for some factors. We observed that folate intake had a stronger negative correlation with all-cause and cause-specific mortality in the obese men. For female participants, folate intake was negatively correlated with all-cause mortality and cause-specific mortality of recent smoking and drinking patients. Sensitivity analysis showed that the excluding of participants died within 2 years of follow-up (Table 4) or excluding participants who had cardiovascular disease at baseline (Table 5), the significant association between dietary folate and the risk of mortality was still similar.


TABLE 3 Stratified analyses of the associations between dietary folate intake with all-cause and cause-specific mortality.
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TABLE 4 Hazard ratio and 95% CIs for all-cause and cause-specific mortality according to quartiles of dietary folate intake after excluding participants with cardiovascular disease at baseline.
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TABLE 5 Hazard ratios and 95% CIs for all-cause and cause-specific mortality according to quartiles of dietary folate intake after excluding participants who were died within 2 years of follow-up.
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Discussion

Our study has shown that, among patients with T2D, dietary folate intake was negatively correlated with all-cause, cardiovascular, and cancer mortality in men, and negatively correlated with all-cause and cardiovascular mortality in women. And the excluding of participants who were died within 2 years of follow-up or those who had cardiovascular disease at baseline, the conclusion did not change. The association might because of glucose homeostasis (18), vascular protection (19, 20), or homocysteine methylation (21, 22) which benefit from dietary folate.

This reverse relationship is consistent with findings from previous studies. A non-linear correlation was found between serum folate levels with CVD morbidity and all-cause mortality in 7,700 American adults with T2D (23). The Swedish cohort study showed that dietary folate intake was negatively correlated with the risk of all-cause mortality among women who were diagnosed with breast cancer (24). A Collaborative Cohort study from Japan found that dietary folate intake was negatively correlated with heart failure mortality in men and coronary heart disease mortality and total cardiovascular mortality in women (25). A Spanish ecological study showed that folate intake was inversely associated with coronary artery disease mortality and cerebrovascular disease mortality in men and cerebrovascular disease mortality in women, and the protective effect is positively correlated with folate intake (26). However, no previous studies investigated the relationship of dietary folate intake with mortality among patients with T2D. In the present study, we found a negative relationship between folate intake and cardiovascular and all-cause mortality among 9,196 U.S. adults with T2D, which provided further evidence for the prevention of premature death in this specific population.

However, it is inconsistent with the results of some related studies in the U.S.A. A study by the American Association of Retirement Diet and Health found no significant relationship between folate intake and liver disease mortality (27). Another study suggested that dietary folate was not associated with breast cancer-specific mortality or all-cause mortality (28). Other studies have shown that serum folate levels are not associated with CVD mortality in participants with T2D (29). These inconsistencies may be caused by series of factors, which include differences of research methods and inadequate data collection, as well as differences in the populations or health outcomes.

In this study, a representative American population was obtained by using a complex, stratified, and multi-stage probability sampling method. The large sample size enabled us to obtain relatively robust and accurate estimates. In addition, based on the comprehensive data collected by NHANES, a wide range of potential confounding factors was adjusted.

Our research also had several limitations. First, dietary folate intake was collected through one or two 24-h dietary recalls at a single point, which may not well-reflect long-term intake because of large changes in daily food intake. In addition, the information of folate intake was evaluated by questionnaire, which may bring recall bias. However, this measurement bias seems to be random, and there is no evidence suggesting that the potential measurement bias is different between the participants who survived and those who died. We thus speculate that this limitation should not affect the study's conclusion. Second, most diabetic patients received different diets and drugs because of their symptoms. Metformin, as the first choice for diabetes, may significantly reduce folate absorption, and critically ill patients may have more folate intake and higher mortality, so the possibility of “causality inversion” can't be ruled out. Third, the level of folate intake varied between different studies, which make it difficult to compare our results with other studies directly. In addition, residues or unknown mixtures cannot be completely excluded.



Conclusion

In conclusion, using the data NHANES, we found that dietary folate intake was negatively correlated with all-cause mortality, cardiovascular mortality, and cancer mortality in men and with all-cause mortality and cardiovascular mortality in women who were diagnosed with T2D. This study suggested the increasing of intake of dietary folate may reduce the risk of mortality in U.S. adults with T2D.
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N =9,196 N =5,701 (61.99%) N = 3,495 (38.01%)
Age, year* 61.7 (14.0) 57.6(13.7) 68.3(11.7)
Sext
Female 4,689 (50.99%) 2,993 (52.50%) 1,696 (48.53%)
Male 4,507 (49.01%) 2,708 (47.50%) 1,799 (51.47%)
Race#

2,678 (29.12%) 1,813 (31.80%) 865 (24.75%)
Non-Hispanic White 3,538 (38.47%) 1,913 (33.56%) 1,625 (46.49%)

2,422 (26.34%) 1,520 (26.66%) 902 (25.81%)

558 (6.07%) 455 (7.98%) 103 (295%)

Never 3,834 (41.69%) 2,084 (36.55%) 1,750 (50.07%)
Low to moderate 2,077 (22.59%) 1,292 (22.66%) 785 (22.46%)
Heavy 3,285 (35.72%) 2,325 (40.78%) 960 (27.47%)
Smoke#
Never 4,407 (47.92%) 2,933 (51.45%) 1,474 (42.17%)
Former 3,208 (34.88%) 1,793 (31.45%) 1,415 (40.49%)
Current 1,581 (17.19%) 975 (17.10%) 606 (17.34%)
Income#
<1 2,284 (23.98%) 1,367 (26.24%) 917 (24.84%)

4422 (45.22%) 2,578 (52.76%) 1,844 (48.09%)

2,490 (30.80%) 1,756 (21.00%) 734 (27.08%)
Hypertension? 2,776 (30.19%) 1,364 (23.93%) 1,412 (40.4%)
Cardiovascular disease# 1,549 (16.84%) 731 (12.82%) 818 (23.40%)
BMI, kg/m?* 30.77 (6.28) 31.61 (6.28) 29.40 (6.05)
Leisure-time physical activity, MET* MET 14.49 (12.20) 1431 (12.06) 1479 (12.41)

* Data were presented as means (standard deviations).
# Data were presented as numbers (percentages).
BMI, body mass index; MET, metabolic equivalent value.






OPS/images/fnut-09-1021709-t002.jpg
Nutrient intake Prrend

Q1 Q Q3 Q4
Male
All-cause mortality
Crude model Ref 0,93 (0:82~1.05) 089 (0.77~1.02) 0.68(0.5~0.79) <0.001
Multivariable model Ref 0.93 (0.82~1.05) 093 (0.81~1.07) 0.77 (0.66~0.90) 0.009
Cardiovaseular mortality
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Cancer mortality
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All-cause mortality
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Cardiovascular mortality
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Multivariable model Ref 0.91(0.70~1.18) 078 (0.57~1.08) 052 (0.33~083) 0037
Cancer mortality
Crude model Ref 0.87 (0.64~1.19) 101 (0.72~1.42) 076 (0.49~1.18) 0532
Multivariable model Ref 0.83 (061~1.13) 1,02 072~1.43) 078 (0.50~122) 0461

Crude HR: did not adjust anything. Multivariable HR: adjusted for age, race/ethnicity, BMI, family income-poverty ratio, smoking, drinking, lisure-

e physical activity, hypertension,

and cardiovascular diseas
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