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To investigate ten year trends in folate status in Taiwanese aged ≥19 yrs by three Nutrition and Health Survey in 
Taiwan (NAHSIT) in 1993-1996, 1999-2000 and 2005-2008. Women had higher blood folate levels than men in 
all three surveys. The prevalence of folate deficiency (5.2% <3 ng/mL) and insufficiency (34.1% ≤6 ng/mL) in 
men was highest in 2005-2008. Adults aged 19-30 yrs had the lowest blood levels and the highest prevalence of 
deficiency (8.1% in men; 3.5% in women) and insufficiency (48.6% in men; 25% in women) as compared to 
other age groups in 2005-2008. Folate insufficiency rate in those aged 31-44 yrs was twice as high in men and 
three times as high in women in 2005-2008 compared to 1993-1996. In the elderly, folate insufficiency rate 
(28%) in 2005-2008 was not higher than that of 1993-1996, although it was higher than that found in 1999-2000 
(18.4%). Men aged ≥ 80 yrs had the poorest folate status in 2005-2008, and men were twice as likely to have in-
adequate status as women. Plasma homocysteine (Hcy) levels were higher in older men than older women in 
both surveys. The elderly had significantly higher plasma tHcy in 2005-2008 compared to the 1999-2000 survey. 
Dark green vegetables and fruit intake frequency in young adults (19-30 yrs) was the lowest among all age 
groups. This study suggests that folate status in Taiwan has not improved during the past fifteen years, and has 
worsened in the young population.  
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INTRODUCTION 
Folate is essential for optimal growth and development, 
and for chronic disease prevention and health mainte-
nance throughout all stages of life. Adequate folate status 
has received increased emphasis in recent years because 
of the association between low folate status and certain 
types of cancer, cardiovascular disease,1,2 and develop-
mental defects (e.g. neural tube defects, and neurological 
or psychiatric disorders).3-5 Folate is also the major nutri-
tional determinant of homocysteine (Hcy) levels.6 In hu-
mans, inadequate folate intake leads to elevated Hcy con-
centrations, which have been associated with an increased 
risk of cardiovascular disease.7-9 Based on these links 
between folate status and health, many countries have 
carried out folate fortification to ensure adequate folate 
intake by the general population. 

Recent data indicates that folate fortification in the US 
population has significantly improved circulating folate 
and red blood cell folate concentrations and has lowered 
circulating tHcy concentrations.10,11 Previous Taiwanese 
surveys, the Nutrition and Health Survey in Taiwan 
(NAHSIT) 1993-1996, and Elderly NAHSIT 1999-2000, 
found that adults aged ≥19 yrs and older people had a 

high prevalence of folate insufficiency. In addition, it was 
found that older Taiwanese men had a high prevalence of 
hyperhomocysteinemia.12,13 However, both surveys were 
conducted more than ten years ago, and therefore another 
survey was needed to determine whether blood folate and 
tHcy levels have continued to rise or have improved in 
Taiwanese people in the past decade. 

In this report, we present trends in folate status in Tai-
wanese adults and older persons using data from several 
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NAHSIT surveys. Blood folate was measured in NAHSIT 
1993-1996, Elderly NAHSIT 1999-2000, and NAHSIT 
2005-2008, which has enabled the evaluation of trends in 
blood folate concentration from 1993 to 2008. Plasma 
tHcy levels were measured in the Elderly NAHSIT 1999-
2000 and NAHSIT 2005-2008 enabling evaluation of 
trends in plasma tHcy concentrations from 1999 to 2008. 
 
MATERIALS AND METHODS 
Subjects 
The present study uses data from three surveys mentioned 
above. All three surveys adopted a multistage, stratified 
sampling design. A detailed description of the sampling 
design can be found in Pan et al’s report.14 Blood folate 
was measured in participants aged ≥19 yrs in NAHSIT 
2005-2008, in the first year of NAHSIT 1993-1996, and 
in the Elderly NAHSIT 1999-2000. Plasma tHcy was 
measured in participants aged ≥65 yrs in Elderly 
NAHSIT 1999-2000 and NAHSIT 2005-2008. For the 
purpose of data analysis, age was classified into the 
groups: 19-30, 31-44, 45-64, and ≥65 yrs for adults, and 
65-69, 70-74, 75-79, ≥80 yrs for older persons. We ex-
cluded participants with missing values for blood folate 
or tHcy concentration. 
 
Biochemical analyses  
Plasma or serum was separated directly after sampling 
and frozen at -80oC until analysis. Plasma or serum folate 
was measured by a combined system of competitive im-
munoassay and chemiluminescence (IMMULITE 2000 
analyzer, Diagnostic Products Corporation, LA, USA). 
This procedure involved the use of monoclonal antibodies, 
para-magnetic particles, and a chemiluminescence sub-
strate. The light emitted was inversely proportional to the 
concentration of folic acid. Plasma tHcy was measured by 
a fluorescence polarization immunoassay (AxSym Ho-
mocysteine, Abbott). A series of quality control tests 
were performed to evaluate the precision of this assay, 
and confirmed both the between- and within-run consis-
tency of this method. The Coefficient of Variation (CV) 
for the folate assay was 6.0% in NAHSIT 1993-1996, 
11% in Elderly NAHSIT 1999-2000, and 6.9% in 
NAHSIT 2005-2008; and the CV was 7.1% in NAHSIT 
1999-2000, and 2.0% in NAHSIT 2005-2008 for the tHcy 
assay. Folate deficiency and insufficiency were defined as 
a plasma or serum folate <6.8 nmol/L (3 ng/mL) and 
≤13.5 nmol/L (6 ng/mL), respectively.15 Hyperhomocys-
teinemia was defined as a plasma tHcy >15 µmol/L.16-18 

 
Dietary assessment 
Folate-rich food intake frequency was estimated using a 
food frequency questionnaire (FFQ) in NAHSIT 2005-
2008. The FFQ assessed intake of folate-rich foods in the 
past month with three possible frequency choices 
(times/month, times/week, and times/day), the selected 
frequency was then converted to a weekly intake. 
 
Statistical analyses 
Statistical analyses were carried out in SAS (SAS/STAT 
Version 9.0, SAS Institute, Cary, NC). As NAHSIT 1993-
1996, Elderly NAHSIT 1999-2000, and NAHSIT 2005-

2008 all used a stratified, multistage probability design, 
SUDAAN software was used to adjust for this design 
effect. Folate data from the three surveys (NAHSIT 1993-
1996, Elderly NAHSIT 1999-2000 and NAHSIT 2005-
2008) and tHcy data from two surveys (Elderly NAHSIT 
1999-2000 and NAHSIT 2005-2008) were analyzed by 
gender, and stratified by age. The prevalence of folate 
insufficiency and hyperhomocysteinemia were estimated. 
The student’s t test was used for analysis of continuous 
variables, and the chi-squared test was used for analysis 
of categorical variables. Trends across age groups were 
evaluated using linear regression. Analysis of folate-rich 
food intake frequency by age group was carried out using 
ANOVA. Differences were considered statistically sig-
nificant if p<0.05. 
 
RESULTS 
Blood folate levels and the prevalence of folate insuffi-
ciency in Taiwanese adults aged ≥19 yrs in NAH-
SIT1993-1996 and NAHSIT 2005-2008 are shown in 
Table 1. The results showed that women in all age groups 
had significantly higher blood folate levels than men in 
both surveys. A significant age trend in blood folate level 
was only found in NAHSIT 2005-2008 (p for trend 
<0.0001 in men and women). Using a serum/plasma 
folate less than 6 ng/ml (13.5 nmol/L) to define folate 
insufficiency,15 we found that the prevalence of folate 
insufficiency decreased with age in both sexes in the lat-
est survey, NAHSIT 2005-2008 (p for trend <0.0001). 
However, this trend of decreasing prevalence with age 
was not found in NAHSIT 1993-1996.  

The greatest increases in the prevalence of folate insuf-
ficiency from NAHSIT 1993-1996 to NAHSIT 2005-
2008 were observed in men aged 31-44yrs (change in 
prevalence of 24.5% to 45.6%), women aged 19-30 yrs 
(9.9% to 25.1%) and women aged 31-44 yrs (8.8% to 
22.8%). Moreover, men and women aged 19-30 yrs in 
NAHSIT 2005-2008 had the lowest serum folate levels 
and the highest prevalence of folate deficiency and insuf-
ficiency compared to other age groups. Overall, our re-
sults showed similar blood folate levels in both surveys, 
however, the prevalence of folate deficiency increased in 
Taiwanese men from 2.6% to 5.2%. Women maintained a 
similar folate status between surveys, apart from younger 
women aged <44 yrs (Table 1). 

Trends in folate status in older Taiwanese persons 
from Elderly NAHSIT 1999-2000 and NAHSIT 2005-
2008 are shown in Table 2. Older women in all age 
groups had significantly higher blood folate levels than 
older men aged ≥65 yrs. The higher prevalence of folate 
deficiency and insufficiency in NAHSIT 2005-2008 was 
observed in all age groups apart from women aged 65-69 
yrs. In older persons, the prevalence of folate deficiency 
and insufficiency increased with age for both sexes in 
NAHSIT 2005-2008 (p for trend <0.0001), but only in 
women in Elderly NAHSIT 1999-2000 (p for trend 
=0.0223). The prevalence of folate insufficiency between 
Elderly NAHSIT 1999-2000 and NAHSIT 2005-2008, 
increased from 16.2% to 31.7% in men aged 75-79 yrs, 
from 16.0% to 40.0% in men aged ≥80 yrs, and from 
12.3% to 26.0% in women aged 75-79 yrs. In other words, 
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these age groups demonstrated two-fold increases in the 
prevalence of folate insufficiency. Overall, the prevalence 
of folate insufficiency increased from 18.4% in Elderly 
NAHSIT 1999-2000 to 28.4% in NAHSIT 2005-2008 in 
older men and from 12.3% to 13.7% in older women. The 
poorest folate status was observed in men over the age of 
80 yrs in NAHSIT 2005-2008. 

Plasma tHcy levels were also measured in the last two 
surveys, as shown in Table 3. Plasma tHcy concentrations 
were significantly higher in men than in women in each 
age group, and significantly increased with age in both 
surveys (p for trend <0.0001). A notable observation in 

our study was the significantly higher plasma tHcy con-
centration in NAHSIT 2005-2008 compared to Elderly 
NAHSIT 1999-2000 in all age groups. Furthermore, using 
the cut-off of 15 µmol/L for hyperhomocysteinemia,16-18 
we found that the prevalence of hyperhomocysteinemia 
increased from 23.4% in Elderly NAHSIT 1999-2000 to 
50.9% in NAHSIT 2005-2008 in men and from 11.2% to 
34.9% in women. Hyperhomocysteinemia significantly 
increased with age in both surveys (p for trend <0.0001). 

To further investigate whether the higher prevalence of 
folate insufficiency in Taiwanese adults aged 19-30 yrs 
(Table 1) was associated with their dietary habits, the 

Table 1. Blood folate levels, folate deficiency and insufficiency in Taiwanese population age ≥ 19 yrs from NAHSIT 
1993-1996 to NAHSIT 2005-2008† 

 
NAHSIT 1993-1996 NAHSIT 2005-2008 

Folate status (%)‡ Folate status (%)‡ Age (yrs) n Plasma folate 
(ng/mL) <3 ngl/mL ≤6 ng/mL 

n Serum folate 
(ng/mL) <3 ngl/mL ≤6 ng/mL 

Male         
19-30 59 6.9±0.3 3.4 41.5 99 6.5±0.5 8.1 48.6 
31-44 102 8.1±0.4 2.9 24.5 137 7.1±0.4 6.6     45.6** 
45-64 210 8.7±0.8 1.9 26.7 266 9.3±0.7 3.8 27.5 
≥65 89 8.3±0.4 3.4 33.7 293 10.0±0.5 4.8 28.4 
p trend  0.2047 0.808 <0.0001 <0.0001 
Total 460 8.3±0.3 2.6 30.0 795 8.2±0.4 5.2 34.1 

Female        
19-30 81 10.2±0.3* 0   9.9 116   8.9±0.7* 3.5    25.1** 
31-44 136 11.5±0.2* 0   8.8 145 9.7±0.5*,** 0.7    22.8** 
45-64 212 11.6±0.5* 0.9   9.4 295 12.8±0.8* 0   7.8 
≥65 85 10.8±0.8* 0 18.8 269 12.2±1.0* 1.1 13.7 
p trend  0.766 0.084 <0.0001 <0.0001 
Total 514 11.2±0.4* 0.4 10.9 825 10.9±0.6* 1.0 14.8 

 
†All values are shown as mean ± SE or percentage of participants analyzed by SUDAAN. 
‡Plasma or serum folate concentrations <3 ng/mL (6.8 nmol /L) indicate folate deficiency; ≤6 ng/mL (13.5 nmol/L) indicate folate insuffi-
ciency.  
*Significantly different from the male value of the same age group and the corresponding period of time. (p<0.0001).  
**Significantly different from the NAHSIT 1993-1996 value of the corresponding age (p<0.05). 

 
 
 

Table 2. Blood folate levels, folate deficiency and insufficiency in Taiwanese population age ≥ 65 yrs from Elderly 
NAHSIT 1999-2000 to NAHSIT 2005-2008† 

 
Elderly NAHSIT 1999-2000 NAHSIT 2005-2008 

Folate status (%)‡ Folate status (%)‡ Age (yrs) n Plasma folate 
(ng/mL) <3 ng/mL ≤6 ng/mL 

n Serum folate 
(ng/mL) <3 ng/mL ≤6 ng/mL 

Male         
65-69 453 9.9±0.5 0 19.3 103  9.9±0.8 1.9 20.3 
70-74 421 10.2±0.5 0 19.6 85  9.5±1.1 4.7 29.4 
75-79 422 10.6±0.5 0 16.2 60 10.0±1.2 6.7     31.7** 
≥80 117 11.4±1.6 0 16.0 45 9.5±0.9** 8.9     40.0** 

p trend  0.551 0.550  0.405 <0.0001 
Total 1213 10.4±0.6 0 18.4 293 9.8±0.8 4.8 28.4 

Female         
65-69 478 12.5±0.6* 0 11.2 110 13.1±1.1* 0.9   6.4 
70-74 354 12.9±0.6* 0 10.5 79 11.5±1.3* 1.3 12.7 
75-79 214 13.1±0.8* 0 12.3 50 10.9±1.4*,** 2.0     26.0** 
≥80 123 13.0±1.1* 0 17.9 30 11.9±2.3* 0 20.6 

p trend  0.660 0.022  0.249 <0.0001 
Total 1169 12.8±0.6* 0 12.3 269  12.1±0.5* 1.1 13.7 

 
†All values are shown as mean ± SE or percentage of participants analyzed by SUDAAN. 
‡Plasma or serum folate concentrations <3 ng/mL (6.8 nmol /L) indicate folate deficiency; ≤6 ng/mL (13.5 nmol/L) indicate folate insuffi-
ciency.  
*Significantly different from the male values of the same age group and the corresponding period of time. (p<0.0001). 
**Significantly different from the Elderly NAHSIT 1999-2000 value of the corresponding age (p<0.0001). 
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intake frequency of folate-rich foods such as dark green 
vegetables, other vegetables, and fruit by various age 
groups was examined in NAHSIT 2005-2008 (Table 4). 
There was a significant age trend for intake of dark green 
vegetables, other vegetables, and fruit, indicating that 
younger Taiwanese consumed less fruit and vegetables. 
The significantly lower intake of dark green vegetables 
and fruit by adults aged 19-30 yrs could explain the de-
crease in blood folate levels and the higher prevalence of 
folate insufficiency observed in this age group. 
 
DISCUSSION 
Several studies have reported a high risk of folate defi-
ciency in adults and older persons,19,20 and emphasize the 
importance of maintaining good folate status. In this re-
port, we assessed trends in blood folate, and the preva-
lence of folate insufficiency and hyperhomocysteinemia 
in Taiwanese adults and older persons using data from 
three national surveys. We found a high prevalence of 
folate insufficiency in men and women aged 31-44 yrs in 
the latest NAHSIT 2005-2008 survey, which had in-
creased 2- to 3-fold from NAHSIT 1993-1996. It is pos-
sible that the use of serum for folate determination in 
NAHSIT 2005-2008, as opposed to plasma in NAHSIT 
1993-1996 and Elderly NAHSIT 1999-2000, has resulted 

in underestimation of folate levels in the most recent sur-
vey. However, as our mean serum folate levels for each 
corresponding age group are higher compared to those of 
other studies,21-25 it is unlikely that folate levels were un-
derestimated in NAHSIT 2005-2008. In addition, adults 
aged ≥ 45 yrs had higher serum folate levels in NAHSIT 
2005-2008 compared to plasma folate levels in NAHSIT 
1993-1996. Mean plasma tHcy levels were also higher in 
NAHSIT 2005-2008, which further supports the existence 
of low folate levels as plasma tHcy levels are inversely 
related to folate status.26 Therefore, it seems unlikely that 
the sharp increase in prevalence of folate deficiency and 
insufficiency in adults aged < 45 yrs in the recent survey 
was due to differences in the blood samples used for es-
timation (serum vs plasma). 

Young adults aged < 45 yrs have poorer folate status 
than adults aged ≥ 45 yrs, and this difference was even 
more marked in NAHSIT 2005-2008. In addition, a trend 
for decreasing folate deficiency and insufficiency with 
increasing age was only observed in this most recent sur-
vey. We also found a significant age trend for increasing 
consumption frequency of dark green vegetables, other 
vegetables, and fruit in our study (Table 4). Taiwanese 
adults aged 19-30 yrs consumed dark green vegetables 
and fruit significantly less often than other age groups. 

 
 
 

Table 3. Plasma homocysteine levels and prevalence of hyperhomocysteinemia in Taiwanese population aged ≥65 yrs 
from Elderly NAHSIT 1999-2000 to NAHSIT 2005-2008† 

 
Elderly NAHSIT 1999-2000 NAHSIT 2005-2008 Age (yrs) n tHcy (µmol/L) tHcy>15µmol/L (%)‡ n tHcy (µmol/L) tHcy>15µmol/L (%)‡

Male       
65-69 421 12.6±0.5 17.6 103 15.2±0.9** 44.7** 
70-74 377 13.1±0.6 21.8 85 15.6±1.3** 47.1** 
75-79 203 14.1±0.6 32.0 60 17.4±2.0** 48.3** 
≥80 93 15.6±1.5 37.7 45 19.2±1.4** 64.4** 
p trend  <0.001 <0.0001  0.002 0.002 
Total 1094 13.3±0.6 23.4 293 16.7±1.0** 50.9** 

Female       
65-69 467 9.7±0.6*   6.2 110 12.3±1.1*,** 27.3** 
70-74 350 10.8±0.6* 10.0 79 14.0±1.0*,** 36.7** 
75-79 198 11.3±0.6* 14.6 50     15.0±1.3*,** 40.0** 
≥80 120 12.7±1.0* 28.3 30     17.9±2.3*,** 50.0** 
p trend  <0.001  <0.0001  <0.0001   <0.0001 
Total 1135 10.6±0.7* 11.2 269     14.4±1.1*,** 34.9** 

 
†All values are shown as mean ± SE or percentage of participants analyzed by SUDAAN. 
‡Plasma total homocysteine (tHcy) levels >15 µmol/L indicate hyperhomocysteinemia. 
*Significantly different from the male values of the same age group and the corresponding period of time (p<0.0001). 
**Significantly different from the Elderly NAHSIT 1999-2000 value of the corresponding age (p<0.0001). 

 
 
 

Table 4. Average weekly consumption frequency of major folate-rich foods by age from NAHSIT 2005-2008† 

 
Frequency （times/week） Age (yrs) 

Dark green vegetables Other vegetables‡ Fruits§ 
19-30 5.8±0.4b 11.8±0.5ab 5.8±0.4b 
31-44 7.3±0.3a 13.2±0.4a 7.2±0.3a 
45-64 7.2±0.2a 11.7±0.3b 8.1±0.3a 
≥65 7.4±0.4a 11.0±0.4b 7.4±0.3a 

p trend <0.001 0.015 <0.001 
 
†All values are shown as mean ± SE analyzed by SUDAAN. The data with different superscript letters in each column indicate the significant 
difference among various age groups (p<0.05 by ANOVA). 
‡Other vegetables include light color vegetables, carrot, potato, beans, melon and sea-vegetables. 
§Fruits include fresh fruit and fruit juice.  
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One possible explanation for this finding is that older 
people in Taiwan are less likely to have a Westernized 
diet, whereas Western-style diets with increased amounts 
of fast-food have become popular among the younger 
generations in Taiwan over the past two decades. Young-
er Taiwanese who grew up during a period of economic 
prosperity in the 1980s, became used to fast-food during 
their childhood and may have formed different dietary 
habits to those from older generations. As a result, older 
people who maintain a traditional Chinese diet, com-
prised of a wide range of vegetables, have better folate 
status. 

Similar trends of better folate status in older people 
have been reported in other studies, and have generally 
been attributed to the preference for more “healthy” or 
“traditional” diets among older people.27-29 Longitudinal 
studies and dietary surveys indicate that young adults 
tend to gradually abandon traditional diets in favor of 
more “westernized” diets, and thus consume higher 
amounts of saturated fat, meat, and cheese, and lower 
amounts of fruit, vegetables, legumes, and fiber.30,31 Simi-
larly, older women tend to consume vegetables daily and 
take daily folic acid supplementation,32 probably due to 
food preferences or greater health consciousness among 
women. In addition, dietary intervention among young 
male adults resulting in increased intake of vegetables, 
fruit and whole grain bread has been shown to lead to 
increased folate intake and reduced plasma tHcy,33 further 
supporting the importance of dietary patterns for good 
folate status.34 

In contrast, data from NAHSIT 2005-2008 demon-
strated that the prevalence of folate deficiency and insuf-
ficiency increased with age among older Taiwanese aged 
≥65 yrs. This indicates that although older Taiwanese 
have better folate status than younger adults aged <65 yrs, 
within the older population the older elderly have poorer 
folate status than the younger elderly. Comparison with 
data from Elderly NAHSIT 1999-2000 shows that the 
folate status of older persons ≥ 75 yrs, especially men, 
has worsened in the past decade. This could be the result 
of chewing problems due to poor dentition or poor appe-
tite associated with aging. The poor folate status of Tai-
wanese men, apart from those aged 45-74 yrs, is an issue 
of concern. 

In line with the observed decrease in folate levels, 
plasma tHcy levels among older Taiwanese increased 
about 1.2-fold in men and about 1.4-fold in women be-
tween Elderly NAHSIT 1999-2000 and NAHSIT 2005-
2008. These high tHcy levels in older Taiwanese should 
continue to be monitored and improved upon. In agree-
ment with other studies,35,36 plasma tHcy levels were 
higher in men than in women and significantly increased 
with age in older persons in our study. Age-related in-
creases in tHcy could be due to a variety of reasons, in-
cluding decline in renal function,37 and increased cobala-
min deficiency resulting from malabsorption of cobala-
min by the aging gut.38 Sex differences in tHcy levels 
could be due to the larger muscle mass and greater creati-
ne phosphate synthesis in men,39 the lowering effect of 
estrogens in women,40 and differences in vitamin status36 

and tHcy formation between the sexes.39 

Using a cut-off of 15 µmol/L to define hyperhomocys-
teinemia,16-18 we found that the prevalence of hyperho-
mocysteinemia in NAHSIT 2005-2008 was significantly 
higher in all age groups compared to Elderly NAHSIT 
1999-2000. Further analysis showed that the prevalence 
of hyperhomocysteinemia among older Taiwanese in-
creased about 2.1-fold in men, and about 3.1-fold in 
women from Elderly NAHSIT 1999-2000 through 
NAHSIT 2005-2008. This increasing prevalence of hy-
perhomocysteinemia in older Taiwanese in recent years is 
an important public health issue. As serum folate is a sen-
sitive indicator of dietary folate intake,41 our results dem-
onstrating a decrease in blood folate levels in older Tai-
wanese from Elderly NAHSIT 1999-2000 to NAHSIT 
2005-2008, suggesting that increased dietary folate intake 
should be promoted. However, it may be difficult for 
older people to change deeply rooted long-term dietary 
patterns. One study has found that the use of fortified 
foods can be an easier way of improving folate status in 
older people,42 and this could be a possible alternative 
solution to encouraging changes to dietary habits in this 
age group in Taiwan. 

Adults aged 19-30 yrs are in a critical period during 
which dietary habits contribute to the development of 
chronic disease.43,44 We are not certain whether the higher 
prevalence of folate insufficiency in adults aged 19-30 yrs 
was due to their lower consumption of green vegetables 
and fruit because of the cross-sectional nature of our 
study. The potential causes behind the increased preva-
lence of folate deficiency and insufficiency in adults aged 
19-44 yrs warrant future study. Nonetheless, cross-
sectional analyses from the Framingham Heart Study 
suggest that frequent consumption of certain foods, par-
ticularly fruit and vegetables, is correlated with low plas-
ma levels of tHcy, perhaps as a result of the high folate 
content of these foods.45 Our data also suggest that fruit 
and vegetables are important dietary components for the 
maintenance of adequate folate status. 

Studies have reported upward trends in folate status in 
the US and the UK following mandatory folic acid fortifi-
cation.46,47 Considering the abundance of a diverse variety 
of fruit and vegetables, and a lower prevalence of folate 
deficiency in Taiwan when compare to the US and Eu-
rope before fortification,48-51 as well as controversies 
about the benefits and harms of high intake of folic acid 
from fortified food or dietary supplements,52 no folate 
fortification policy has been implemented in Taiwan. 
However, the trend of decreasing blood folate levels in 
young adults and older persons aged over 75 yrs is an 
issue of concern, and strategies to increase daily intake of 
folate have become important. Vegetables are the main 
source of folate in the diet and fruit is the second main 
folate food source in Taiwan.13 However, fruit contributes 
only one-sixth of the folate intake from vegetables to fo-
late intake (11.8% vs. 66%), indicating that there is great 
room for improvement for increasing folate intake 
through fruit. A large variety of fruit is produced in Tai-
wan that may not be commonly consumed in other coun-
tries and contains considerably high folate.53 Although 
folate supplementation could be one of the strategies used 
to enhance folate status in older persons, promotion of 
increased fruit intake through fresh juice, and fruit in-
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cluded in lunch boxes or fast-food could be feasible alter-
natives for young aduld who nowadays prefer conven-
ience and often neglect dietary balance. 

In summary, this study provides information about 
trends in blood folate levels, and the prevalence of folate 
insufficiency and hyperhomocysteinemia in Taiwanese 
adults and older persons. Overall, folate status in Taiwan-
ese men has worsened from NAHSIT 1993-1996 to 
NAHSIT 2005-2008, while Taiwanese women have 
maintained a similar folate status over this period. Folate 
status has also worsened over this time in adults aged 19-
45 yrs in both men in women, however, no significant 
change in folate status was observed in adults aged 45-74 
yrs. The trends in folate status are mirrored by trends in 
tHcy status. Although the direction of causal effects can 
not be clarified in this cross-sectional study, changes in 
dietary patterns in younger generations could be contrib-
uting to the observed trends in folate status. Encouraging 
increased fruit and vegetable consumption could be an 
important strategy for improving folate status in Taiwan-
ese adults. 
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臺灣 19 歲以上成人葉酸營養狀況的變遷趨勢：從

NAHSIT 1993-1996 到 NAHSIT 2005-2008 
 
本研究探討臺灣 19 歲以上成人葉酸營養狀況的變遷。三次臺灣營養健康家戶

調查(NAHSIT)的女性血中葉酸濃度顯著高於男性。NAHSIT 2005-2008 調查

結果，男性成人的葉酸缺乏率  (5.2%，血清葉酸<3 ng/mL)與葉酸不足率 
(34.1%，血清葉酸<6 ng/mL)，較 NAHSIT 1993-1996 與臺灣老人營養健康狀

況調查(1999-2000)的葉酸營養狀況差，尤其 19-30 歲男性的葉酸不足率高達

48.6%；而 31-44 歲男女性成人的葉酸不足率增加了 2-3 倍，不容忽視。老人

葉酸不足率 (男性 28.4%，女性 13.7%) 比臺灣老人營養健康狀況調查(1999-
2000)的結果更高，尤其是男性老人在 80 歲以上的葉酸不足率高達 40%。兩

次調查結果顯示，老年男性之年齡別血漿同半胱胺酸濃度平均值皆顯著高於

女性，且血中同半胱胺酸濃度有隨年齡增加而上升之趨勢。NAHSIT 2005-
2008 調查的老人，血漿同半胱胺酸濃度與同半胱胺酸濃度>15 µmol/L 的盛行

率皆顯著較臺灣老人營養健康狀況調查(1999-2000)的老人高。進一步分析

NAHSIT 2005-2008 之富含葉酸食物的攝取狀況，結果顯示 19-30 歲成人的深

綠色蔬菜及水果類攝取頻率，顯著低於其他年齡層。過去十五年間，臺灣成

人的葉酸營養狀況仍未改善，尤其是年輕族群的葉酸營養狀況變差，值得注

意。而近年來臺灣成人血中同半胱胺酸濃度與高同半胱胺酸血症盛行率有增

高的趨勢，建議衛生行政單位仍需關注國人葉酸營養狀況並研擬對策加以改

善。 
 
關鍵字：葉酸營養狀況、NAHSIT、營養調查、同半胱胺酸、高同半胱胺酸

血症 


