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Objective: To explore the association between adiposity and plasma folate deficiency odds among women of reproductive age in China.

Methods: A cross-sectional survey on nutritional status among women of reproductive aged 18–30 years in 2005–2006 in China was conducted. General adiposity was defined as body mass index (BMI) ≥24 kg/m2, and central adiposity was defined as waist circumference >80 cm. A plasma folate concentration <10.5 nmol/L (measured through microbiological assay) was defined as plasma folate deficiency. Odds ratios (ORs) and 95% confidence intervals (CIs) for plasma folate deficiency were calculated using a logistic regression model, with adjustment for potential confounders.

Results: A total of 3,076 women of reproductive age were included in the final analysis. Compared to women with normal BMI and WC, women with both general and central adiposity had the highest odds for plasma folate deficiency (OR = 3.107, 95% CI: 1.819–5.307). Women with exclusively central adiposity had excess odds for plasma folate deficiency (WC > 80 cm, BMI <24 kg/m2; OR = 2.448, 95% CI: 1.144–5.241), which was higher than women with exclusively general adiposity (BMI ≥ 24 kg/m2, WC ≤ 80 cm; OR = 1.709, 95% CI: 1.259–2.319). The combined use of BMI and WC can detect more women (11.7%) at higher plasma folate deficiency odds than either used alone.

Conclusions: Women with central adiposity in normal weight have higher odds for plasma folate deficiency than those with general obesity only. Early screening for central adiposity among women of reproductive age would be meaningful to prevent folate deficiency and improve life-cycle health.
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Introduction

Emerging evidence has suggested that folate deficiency during the periconceptional period can result in a variety of negative health outcomes, both for mothers (e.g., megaloblastic anemia) and their offspring (e.g., neural tube defects and other congenital malformations) (1, 2). Excess accumulation and storage of body fat may affect folate absorption and metabolic pathways in the body (3, 4). Body mass index (BMI), a widely used measure of excess body weight, was found to be correlated with blood folate status, but the conclusions remain controversial. Epidemiology studies have revealed that increasing BMI was associated with lower serum folate concentration and/or higher red blood cell (RBC) folate levels (5–7), but some studies failed to find this relationship (8, 9). A hypothesized mechanism for this inconsistency was that folate status may differ widely between tissues, and obesity types (central adiposity or general adiposity) may have different effects on intracellular folate metabolism in different tissues (10). The use of BMI is inadequate if the fat distribution can affect folate levels because BMI was not available to reflect the body shape.

Visceral adipose tissue (VAT) is one of the most deleterious fat deposits in the body, and central adiposity due to VAT has a higher risk for cardiovascular diseases, metabolic disorders and cancers than general adiposity (11, 12). VAT cannot be detected by BMI, and waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) are known indexes that reflect central adiposity, among them WC is an easily measurable surrogate index of abdominal fatness. WC has also been shown to be associated with folate status among postmenopausal women (13), school children (14), hypertensive adults (15), and other populations (16), but few of these studies targeted women of reproductive age.

The results from previous studies reported that central adiposity may be more strongly tied to metabolic risks than general adiposity, mainly indicated by BMI. Thus, it is reasonably postulated that central adiposity would be positively correlated with a higher risk for plasma folate deficiency than general adiposity, but few studies have examined this hypothesis. In addition, body adiposity based on BMI may underestimate adiposity among non-Caucasian populations, especially Asian populations, including Chinese populations (17, 18). It was reported that the combination of BMI and measures of central adiposity, such as WC, may be more effective in distinguishing subjects at risk than either alone (19). BMI and WC combined can better classify the subgroup of individuals with normal weight but with metabolic disturbances who present with excessive VAT, which would be neglected due to the desired BMI range (20). Evidence on adiposity defined by BMI and WC combination and blood folate status among women of reproductive age has not been widely investigated.

In the current study, we aimed to explore the association between adiposity (defined by BMI, WC, and the combination of BMI and WC) and plasma folate deficiency and whether BMI and WC combined was better for identifying high-odds subgroups for plasma folate deficiency than either alone among women of reproductive age aged 18–30 years in China.



Materials and methods


Study design and study population

The original study was conducted as a nationwide cross-sectional study that aimed to investigate the nutritional status of women aged 18–30 years in multiple regions in China, as reported elsewhere (21). Briefly, one community or village as a project site in each province during two periods (April to May 2005 and October 2005 to April 2006) was selected, and 100 women were planned to be recruited at each site. The inclusion criteria were as follows: (1) age 18–30 years; (2) no pregnancy or breastfeeding; (3) living in the area for more than 1 year and (4) free from hypertension, diabetes, cancers, and heart, liver, renal and gastrointestinal diseases.

A total of 3,660 women were recruited. We excluded 584 women who were out of age (5.55%), had serious diseases (5.14%), and missing data on plasma folate concentration (5.32%), BMI (0.24%) and waist circumference or hip circumference (0.34%). A total of 3,076 targeted participants (94.14% of eligible women) were included in the final analysis.



Assessment of sociodemographic and personal characteristics

After obtaining consent, a face-to-face interview was conducted by trained healthcare workers with a structured questionnaire. Information on sociodemographic details and personal characteristics, including age, ethnicity, educational levels, current cigarette and alcohol use, use of oral contraception, and use of folic acid supplements or multivitamins containing folic acid (in the past 3 months), was collected. Dietary data were obtained using a 24-h recall through a face-to-face interview by trained nurses, with two-dimensional drawings of bowls and plates to estimate portion sizes. Dietary folate levels were calculated based on the Chinese Food Composition (22). Dietary folate intake (μg) was adjusted by energy intake to minimize the influence of false dietary reporting, calculated through 1,000*dietary folate intake (μg)/energy intake (kcal). Dietary folate adjusted by energy was then divided into three groups according to the tertiles of its natural logarithm (low: ≤1.98, medium: 1.98–2.16, and high: ≥2.16).



Measurements of anthropometric parameters and definitions

Body weight in light clothing and height without shoes were measured to the nearest 0.1 kg and 0.1 cm with a beam weighing scale and a height scale, respectively. WC was measured with the subject standing at the level midway between the lower rib margin and the iliac crest, and hip circumference was measured at the level of the greater trochanters.

General adiposity was measured by BMI, which was calculated as weight (kg)/height (m)2) and categorized as underweight (≤18.5 kg/m2), normal weight (18.5–23.9 kg/m2), and overweight (≥24.0 kg/m2) according to the guidelines for Prevention and Control of Overweight and Obesity in Chinese Adults (23). Obesity cases (n = 82) were combined with overweight cases due to limited sample size. Central adiposity in the current study was defined as WC higher than 80 cm (24). The combination of BMI and WC categories was divided into 5 groups based on their BMI and WC values: (1) non-increased BMI and WC (BMI ≤ 18.5 kg/m2; WC ≤ 80 cm), (2) normal BMI and WC (BMI: 18.5–24; WC ≤ 80 cm), (3) exclusively central adiposity (BMI, 18.5–24; WC > 80 cm), (4) exclusively general adiposity (BMI ≥ 24.0 kg/m2, WC ≤ 80 cm), and (5) both central and general adiposity (BMI ≥ 24.0 kg/m and WC > 80 cm). Both waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) are ratio measures reflecting visceral fat mass and related to various health outcomes. Whether WHR or WHtR is associated with folate status is unknown in previous studies. So we also included them in our analysis. The cutoff values of abnormal WHR and WHtR were 0.85 and 0.5, respectively (25, 26).



Blood sampling and laboratory analysis

Venous blood (9 ml) was collected after an overnight fast. Blood samples were drawn into potassium ethylene diamine tetraacetic acid (K3EDTA)-containing Vacutainer tubes (Becton Dickinson) and centrifuged within 1 h of collection. Plasma and erythrocytes were separated and frozen at −20°C. All specimens were transported on dry ice to the central laboratory of the Institute of Reproductive and Child Health, Peking University, and stored at −70°C before nutritional analyses. Plasma folate concentrations were determined by a microbiological assay (27). Plasma folate deficiency was defined as <10.5 nmol/L (28). The intra- and interassay coefficients of variation were both <9% across the full range of folate concentrations.



Statistical analysis

Categorical variables are presented as frequencies and percentages. A chi-square test was adopted to examine differences in plasma folate deficiency (<10.5 nmol/L vs. 10.5 nmol/L) in each category. Binary logistic regression was performed to examine the association between general adiposity (measured by BMI) and central adiposity (measured by WC) and plasma folate deficiency odds while controlling for potential confounders, including sociodemographic factors [age (18–24, 25–30 years), education (junior high school or lower, high school and secondary school, college or higher), occupation (farmers, workers, unemployed, others), ethnicity (Han ethnicity, others), residence type (urban, rural), season of enrollment (spring, autumn), region of residence (north, south), income (<3,000 Yuan per year, 3,000–7,000 Yuan per year, ≥7,000 Yuan per year)], lifestyle characteristics [smoking (no, yes), drinking (no, yes), FA supplement (no, yes), use of oral contraceptives (no, yes), delivery status (none, previous)] and dietary intake (intake of dietary folate adjusted by energy (low, medium, high)] and WHtR (≤0.85, >0.85). Further analysis was performed to test the association between exclusively general adiposity and exclusively central adiposity (measured by the combination of BMI and WC) and plasma folate deficiency odds after adjusting for the same potential confounders except for BMI and WC. The Little's MCAR test was performed to test whether the missing data were totally at random. Considering the missing values in the multivariate logistic model, imputation method was used. Missing data with normal distribution was replaced by mean and skewed distribution by median. For category variables, we substituted the missing values with the majority type of the variable. Two-tailed P-values of < 0.05 were considered statistically significant. The analyses were performed using SPSS for Mac software version 26.0 (IBM, Chicago, IL, USA).




Results


Basic characteristics

The Little's MCAR test showed that the missingness was entirely at random (χ2 =1.157, P = 0.282). Among the 3,076 women of reproductive age, the overall plasma folate deficiency rate was 29.8%. The mean (SD) BMI and WC were 21.37 (4.17) kg/m2 and 70.05 (7.79) cm, respectively. The mean (SD) WHR and WHtR were 0.77 (0.06) and 0.44 (0.05). A total of 61.7% of women were aged 25–30 years, and 67.7% of them were of Han ethnicity. Almost half of the participants (47.2%) finished junior high school or lower. Women who were farmers and workers accounted for 31.4 and 11.7%, respectively. Only 4.7% of women reported having previously taken folic acid supplements. Smoking and drinking accounted for 1.7 and 8.0%, respectively (Table 1).


TABLE 1 Basic characteristics among Chinese women aged 18–30 years, 2005–2006*#.

[image: Table 1]

The prevalence of adiposity (defined by either BMI or WC) was 21.0%, of which 16.4% were general adiposity (BMI ≥ 24 kg/m2) and 8.8% were central adiposity (WC > 80 cm). Women with exclusively central adiposity (WC > 80 cm only), with exclusively general adiposity (BMI ≥ 24 kg/m2 only) and both general and central adiposity (≥24 kg/m2 and WC > 80 cm) accounted for 2.0, 9.7, and 6.7%, respectively. Women with abnormal WHR and WHtR accounted for 8.3 and 11.5%, respectively (Table 2). However, no significant differences in the percentage of plasma folate deficiency by education, smoking and WHR were detected.


TABLE 2 Adiposity status among Chinese women aged 18–30 years, 2005–2006*.
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Association between adiposity (by BMI and WC separately) and odds for plasma folate deficiency

Table 3 shows the relationship between plasma folate deficiency and related factors. Other ethnic groups had higher odds for plasma folate deficiency than Han ethnic groups (OR =3.225, 95% CI: 2.618, 3.972). Compared to low dietary folate intake, higher dietary folate intake was associated with a lower likelihood of plasma folate deficiency [OR = 0.775 (medium) and 0.483 (high), respectively]. After adjustment for multiple potential confounders, general adiposity was associated with higher odds for plasma folate deficiency in these women than in normal weight women (OR = 1.637, 95% CI: 1.237–2.166), and central adiposity was also associated with higher odds for plasma folate deficiency than in women with normal WC (OR = 1.906, 95% CI: 1.159–3.137) (Table 3).


TABLE 3 Logistic regression of factors correlated with the odds of folate deficiency in Chinese women aged 18–30 years‡#.
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Association between adiposity (by combination of BMI and WC) and odds for plasma folate deficiency

Then, we further investigated the combination of BMI and WC with the odds of plasma folate deficiency after controlling for confounders (Table 4). Compared with women with normal BMI and WC, women non-increased BMI and WC were a protective factor for plasma folate deficiency (OR = 0.754, 95% CI: 0.569–0.999), women with exclusively central adiposity had an elevated likelihood for plasma folate deficiency (OR = 2.448, 95% CI: 1.144–5.241), which was higher than women with exclusively general adiposity (OR = 1.709, 95% CI: 1.259–2.319), and women with both central and general adiposity had the highest odds for plasma folate deficiency (OR = 3.107, 95% CI: 1.819–5.307).


TABLE 4 Odd ratios and 95% confidence interval for the association of adiposity (measured by the combination of BMI and WC) with plasma folate deficiency risk among Chinese women aged 18–30 years#†‡.
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Discussion

The present study investigated the relationships between body adiposity and the likelihood of plasma folate deficiency among 3,076 women of reproductive age aged 18–30 years in China. Compared to women with normal BMI and WC, women with both general and central adiposity were 3.107 times more deficient in plasma folate. Notably, women with exclusively central adiposity in normal BMI were at higher odds for plasma folate deficiency than women with exclusively general adiposity in normal WC (2.448-vs. 1.709-fold), which supported our hypothesis. Moreover, nearly 12% of women at higher plasma folate deficiency odds would be neglected if BMI or WC were used alone.

There is an increasing trend in the prevalence of adiposity among adults aged 18–45 years in China, from 12.1% (1989) to 36.8% (2018) (29). This study revealed that more than one-fifth of Chinese women of reproductive age were adiposity when measured either by BMI, WC, WHR, or WHtR. We further distinguished subgroups of women with exclusively central adiposity, women with exclusively general adiposity and women with both general and central adiposity. In the present study, of women with normal weight, 2.0% had elevated levels of WC (>80 cm), while 9.7% of overweight/obese women had normal WC. These women would be missed if only one index was used. However, very few studies have avoided this problem by using both indexes. It has been reported that nearly two-thirds of obese cases would be undiagnosed if WC was not measured in China, which may lead to unanticipated adverse clinical outcomes (30). Previous studies tended to investigate the relationship between BMI and the odds of folate deficiency separately, so it is difficult to compare the predictive value of each directly. Since adiposity prevalence would be low-estimated due to BMI or WC used alone, combined measures of BMI and WC can help identify more women who might have potentially elevations in plasma folate deficiency risk. Thus, the results from our study strengthen the fact that both BMI and WC are screening plasma folate deficiency risk tools among women of reproductive age in China.

This study found that general adiposity correlated negatively with plasma folate and was more likely to be deficient in women with a BMI ≥ 24 kg/m2 than in women who had a normal BMI (BMI 18.5–23.9 kg/m2). Our findings are consistent with previous studies. Shen et al. (31) found that higher BMI was associated with lower serum folate levels and higher RBC folate levels among pregnant women, and Scholing et al. (32) reported that prepregnancy BMI was negatively correlated with low serum folate concentration (9). The possible mechanism for such a relationship may include urinary excretion (increased estrogen concentrations in obese individuals may increases folate utilization by its requirement for methylation via catechol-O-methyltransferase before urinary excretion), dilution of the blood volume at different levels in different tissues (modifications in plasma volume may affect the distribution, transportation and endocrine functions of folate) (10, 33). Another reason may be that adiposity may affect the absorption of folate by the intestinal epithelium (4). However, some studies have failed to show an association between BMI and folate levels. A cross-sectional study conducted in the USA in 2007–2010 reported that there was no relationship between RBC folate and BMI among non-pregnant reproductive women (34). This may be due to population differences and criteria of adiposity, and probably, with its limitation of not reflecting body size, indicating that obesity stratification simply by BMI may not be sufficient. Our study suggested that indicators beyond BMI need further investigation. This study revealed that women with central adiposity had a higher risk of plasma folate deficiency than women with normal WC, which indicated that central adiposity may be related to lower folate levels (35). Our findings are consistent with previous studies. A recent case-control study conducted in Poland reported that lower serum folate was independently associated with greater body weight and central adiposity in people aged 20–40 years (36). Our study further revealed that women with exclusively central adiposity were at higher risk for plasma folate deficiency than women with exclusively general adiposity (OR: 2.448 vs. 1.709), indicating that central adiposity may be more harmful for women due to its increased plasma folate deficiency risk compared to general adiposity. In addition to the similar mechanisms affecting folate levels with BMI, the additional possible mechanisms may be that abdominal adiposity is correlated with systemic oxidative stress (37), glucose metabolism (6) and DNA methylation (38). The study of Mlodzik-Czyzewska et al. (36) revealed that folate may affect body fat distribution through epigenetic mechanisms. In addition, homocysteine metabolism is carried out by enzymes that use folate as a cofactor. Previous studies revealed that the drop in folate levels leads to an increase in homocysteine, so the total homocysteine concentration among obese individuals was higher than that among their counterparts of normal weight (39). Higher homocysteine levels were correlated with abdominal fat accumulation and insulin resistance, which were negatively associated with folate (40). An increase in central adiposity may not be correlated with the change in BMI. When in the same BMI, these individuals may have more fat mass aggregation in the abdomen and less lean mass or subcutaneous adipose tissue in the arms or legs. Compared to subcutaneous adipose tissue, visceral adipose tissue has a stronger impact on metabolic syndrome and insulin resistance (41, 42). Our results underscore the need for early detection for this subgroup of individuals to prevent NTDs in their offspring.

Our study has several strengths. First, we used two indicators (BMI and WC) to measure body adiposity to comprehensively explore the separate effects of BMI and WC and the joint associations of BMI and WC. We also controlled for other central adiposity-related indicators (WHR, WHtR), which may more clearly investigate the relationship between central adiposity (measured by WC or the combination of BMI and WC) and plasma folate deficiency. Second, our study enrolled women from different areas of China with different background characteristics and lifestyle information who were representative of Chinese women. Third, we collected information on dietary intake from both the diet and supplements, which strengthened our results.

Our study is subject to several limitations. First, we focused only on short-term folate status and did not measure RBC folate. Second, this was a cross-sectional study, so we could not establish a cause-effect relationship. A further large-scale cohort study is required to explore the relationship between adiposity and blood folate levels by using more indicators.

In conclusion, among Chinese women of reproductive age aged 18–30 years, women with central adiposity were at higher risk for plasma folate deficiency than women with general adiposity. The combined use of BMI and WC appeared to be more predictive of plasma folate deficiency risk factors, especially for normal-weight women. Our results underscore the need for future public health guidelines to include the prevention and control of central adiposity, even in individuals with normal BMI.
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