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Objective: Unsaturated fatty acids (UFA) may be related to glycometabolism. While associations between UFA intake (especially their subtype) and prediabetes or type 2 diabetes mellitus (T2DM) need to be further studied. In this study, we aimed to evaluate the potential relation of UFA with prediabetes and T2DM.

Methods: A total of 16,290 adults aged older than 18 years from the National Health and Nutrition Examination Survey (NHANES) from 2005 to March 2020 were included in the present analysis. Dietary intake was assessed by two day, 24-hour dietary recalls and daily intake of total monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA); four specific fatty acids of MUFA and seven specific fatty acids of PUFA were calculated. Prediabetes and T2DM were diagnosed by fasting glucose, glycohemoglobin, and self-reported medication or insulin. Rao–Scott modified chi-square tests, the Taylor series linearization method, and multivariable logistic regression analyses were applied to analyze the associations of dietary MUFA and PUFA intake with diabetes risk.

Results: Of the participants, 44.34% had prediabetes and 13.16% had T2DM patients. From multivariate analysis, we found that intake of MUFA, PUFA, and some subtypes was negatively associated with the risk of prediabetes and T2DM in Americans. Compared with adults in the lowest tertile, those in the highest MUFA (PUFA) tertile had an approximately 50% (49%) and 69% (68%) lower risk of prediabetes and T2DM, respectively. Moreover, the effects of the subtypes of MUFA and PUFA on prediabetes and T2DM were different. Higher intakes of MFA 18:1, MFA 20:1, PFA 18:2, and PFA 18:3 and higher tertile intakes of MFA 16:1 and PFA 20:4 were related to a lower risk of prediabetes and T2DM. Similarly, the effects of MUFA, PUFA, and subtype on prediabetes and T2DM varied among different age groups, being weakened along with age.

Conclusion: Our study suggested that total MUFA and PUFA intake might be essential in preventing prediabetes and T2DM, especially in Americans. However, this protective effect may decrease with age. Moreover, the effects of the specific UFA on prediabetes and T2DM need further consideration.
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Introduction

Type 2 diabetes mellitus (T2DM), becoming one of the leading causes of death worldwide and a major public health problem, places a heavy and growing financial burden on healthcare systems in many countries (1). Moreover, the prevalence of T2DM has risen rapidly over the past decades and is projected to continue to rise. Data from the International Diabetes Federation (IDF) show that ~537 million adults (20–79 years) were living with diabetes in 2021 (2). Additionally, the total number of people living with diabetes is projected to rise to 643 million by 2030 and 783 million by 2045 (2). Furthermore, the prevalence of prediabetes (a high-risk state for diabetes defined by glycemic variables that are higher than normal but lower than diabetes thresholds) is increasing worldwide (3). Notably, individuals with this condition are at increased risk of developing T2DM and other chronic diseases. Therefore, we cannot ignore prediabetes while focusing on diabetes.

Dietary intake is a crucial and modifiable intervention factor for diabetes (4). Fatty acids have been reported to regulate gene expression by modifying epigenetic mechanisms, resulting in positive or negative impacts on metabolic outcomes such as T2DM (5). This effect might result from its fundamental effects on insulin transduction signals, insulin sensitivity, oxidative stress, and glycemic control (6).

A high intake of unsaturated fatty acids (UFA), including polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA), has been shown to reduce the risk of T2DM. Mediterranean diets rich in PUFA and MUFA have been reported to be protective against the risk of diabetes (7–9). Moreover, the IDF (2) suggested a healthy lifestyle by replacing saturated and unsaturated fats. It is noteworthy that whether dietary fat quality, especially the intake of specific types of UFA, is associated with T2DM is controversial, as revealed by systematic reviews and meta-analyses published in recent years. Zhou et al. (10), Chen et al. (11), and Qian et al. (12) performed a meta-analysis to investigate this association from cohort studies and suggested that the intake of n-3 fatty acids might be weakly positively (10), invertedly U-shaped (11) or negatively (12) associated with the T2DM risk. A systematic review and meta-analysis of randomized controlled trials showed that increasing omega-3, omega-6, or total PUFA has little or no effect on preventing and treating T2DM (13). Hu et al. (14) also conducted a dose–response meta-analysis of cohort studies that reported non-linearly significant associations between specific PUFA intakes and T2DM. Thus, large-scale population studies are needed. However, large-scale studies on the relationship between PUFA and MUFA are limited.

Considering the limited research and urgency to solve the scientific problem, we pooled seven cycles of data from the National Health and Nutrition Examination Survey (NHANES), a complex, multistage probability sample of US civilians, to examine the relationships of total MUFA and PUFA intake to prediabetes and T2DM risk and evaluate the potential ability of subtypes of MUFA and PUFA intake. Simultaneously, we performed a sub-analysis to observe the age difference in their relationship. The results may provide data support and ideas for using UFA in diabetes prevention and control.



Materials and methods


Data source and study population

We used data from NHANES, implemented by the National Center for Health Statistics (NCHS) (15). Details of the survey are described on the CDC website. In brief, NHANES combines personal interviews with standardized physical examinations, laboratory tests, and 2-day food frequency reviews, administered by specially trained staff who travel to selected survey sites to collect data on a nationally representative sample of Americans (16). The NCHS Ethics Review Board approved this study, and informed consent was obtained from every participant (17).

Publicly available data from NHANES 2005–2006, 2007–2008, 2009–2010, 2011–2012, 2013–2014, 2015–2016, and 2017–2020 were used in the present analysis. From 2005 to March 2020, 76,496 individuals were recruited. Of those, 45,980 aged older than 18 years were included in this analysis. Then, any person who met the following criteria was excluded: (a) any person whose energy intake and all types of fatty acids on dietary consumption frequency were missing (n = 10,602); (b) those without information on fasting glucose level and glycohemoglobin A1c (HbA1c) (n = 18,831); (c) those with a missing weight value (n = 156); (d) participants with a daily calorie intake of < 500 Kcal/d or above 6,000 Kcal/d (18) (n = 101). Finally, 16,290 people were included in this cross-sectional analysis. The flow chart is presented in Figure 1.
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FIGURE 1
 Flow chart of the study sample.




Fasting blood glucose and definition of diabetes

The fasting blood glucose is tested according to the Mobile Examination Center (MEC) laboratory procedure manual. Before testing, participants were asked to complete the fasting questionnaire file, which included auxiliary information such as fasting status, length of fasting, and the time of venipuncture, assisted by trained staff. If participants provided blood specimens but did not meet the 8–24 hour fasting criteria, their sample weight value was assigned as “0”. Blood was processed and aliquoted into vials. The vials were then refrigerated or frozen (−30°C) before being transported to testing laboratories for analysis (19).

Definition of T2DM and prediabetes was according to the following criteria (20): (a) participants whose fasting glucose was ≥126 mg/dL, HbA1c was ≥6.5%, or taking medication or insulin were diagnosed as diabetic; (b) participants whose fasting glucose was 100 to ≤ 125 mg/dL, HbA1c was 5.7 to ≤ 6.4%, and not taking medication or insulin were diagnosed as prediabetic.



Dietary intake assessment

Participants who completed a 24-hour dietary recall (first day) interview during their health examination in the MEC were then asked to complete a second 24-hour dietary recall (second day) interview after 3–10 days of the first recall. Recall interviews were conducted in person and over the phone. Upon the completion of the in-person interview, participants were given measuring cups, spoons, a ruler, and a food model booklet, which contained two-dimensional drawings of various measuring guides available in the MEC to report food amounts during the telephone interview. The energy intake, MUFA, and PUFA were collected through the in-person MEC by using a set of measuring guides (measuring cups, spoons, a ruler, and a food model booklet), which was available to use. There were four specific fatty acids in MUFA and seven specific fatty acids in PUFA. MUFA included MFA 16:1 (hexadecenoic acid), MFA 18:1 (octadecenoic acid), MFA 20:1 (eicosenoic acid), and MFA 22:1 (docosenoic acid). PUFA includes PFA 18:2 (octadecadienoic acid), PFA 18:3 (octadecatrienoic acid), PFA 18:4 (octadecatetraenoic acid), PFA 20:4 (eicosatetraenoic acid), PFA 20:5 (eicosapentaenoic acid, EPA), PFA 22:5 (docosapentaenoic acid, DPA), and PFA 22:6 (docosahexaenoic acid, DHA). The daily dietary energy intake, UFA, and subtype intakes were calculated using the Dietary Research Food and Nutrition Database for Dietary Studies of the US Department of Agriculture (21). Furthermore, total MUFA and total PUFA intake were calculated by the average intake for 2 days. All types of fatty acid intake were adjusted by body weight (mg/kg/day) before being put into the multivariable model.



Covariates

Information on sociodemographic, physical, and biochemical indexes was collected as covariates. Sociodemographic variables included age (18–39 years, 40–59 years, and 60 years and older), sex (male and female), ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, and others), education level (less than a high school graduate/GED, high school graduate/GED, or above), and family income–poverty ratio (< 1.30, 1.30 to < 3.50, and 3.50 and over). Trained health technicians in the MEC measured anthropometric variables, such as height and weight.



Statistical analysis

The study accounted for appropriate survey design factors in statistical analyses, such as sampling weights, stratification, and cluster information. The new sampling weights were constructed as the original weights divided by 7 when combining seven cycles (NHANES 2005–2020).

Values are given as weighted means, SEs for continuous variables, and frequencies for categorical variables. The Taylor series linearization method was used to calculate the variance for sub-populations of interest. The significant differences between tertiles were tested using multivariable logistic regression analysis tests for continuous variables. At the same time, we used the Rao–Scott modified chi-square tests for categorical variables, the percentages of categorical variables, and diabetes, prediabetes, and normal. We then performed an age-stratified analysis for hypertension. Furthermore, the Rao–Scott modified chi-square tests were used for the categorical variables and the percentages of categorical variables with the total MUFA intake and the total PUFA intake.

Multivariable logistic regression analysis tests for sample survey data were conducted to analyze the association between the prevalence of diabetes and UFA intake. Intake of total MUFA, PUFA, four specific fatty acids of MUFA, and seven specific fatty acids of PUFA were defined as the independent variables. Moreover, prediabetes and diabetes were the dependent variables in separate models. In the basic models, the analysis of the correlations between diabetes, prediabetes, and the intake of total MUFA, PUFA, and specific fatty acids was carried out first. In a further step, the following potential covariates affecting these associations were added: gender, age, ethnicity, high education level, poverty–income ratio, and total energy intake. Each variable was initially considered separately; only variables that had an independent significant effect on the basic models or substantially modified the principal associations between diabetes and UFA were included in the subsequent multivariable analyses. Model I was a crude model. Model II was adjusted for gender, age, ethnicity, high education level, and poverty–income ratio. Model III was additionally adjusted for total energy intake (Kcal/d).

Considering that the participants in different age groups may be a lamination factor, we further conducted multivariable logistic regression analysis tests to examine the association of total and subtypes of MUFA and PUFA intake with different age groups and diabetes, prediabetes, and normal. All statistical analyses were conducted according to the NHANES statistical tutorial (15). All of these were performed with SAS 9.4 (SAS Institute Inc., Cary, North Carolina). A two-sided p < 0.05 was considered statistically significant.




Results


Characteristics of the diabetes sample in the groups

The basic characteristics of the participants stratified by diabetes risk are presented in Table 1. A total of 16,290 participants were included in this cross-sectional analysis. In the present analysis, 52.36% of participants were female, and the median age was 47 years. From the study sample, the normal glucose tolerance, prediabetes, and T2DM percentages were 42.50, 44.34, and 13.16%, respectively. Prediabetes and diabetes were more likely to occur in older (aged ≥ 40 years) and lower educational level ( ≤ 12 years) participants (p < 0.001). Moreover, participants with prediabetes tended to have higher body weight and higher intakes of MUFA, PUFA, subtypes of MUFA, and subtypes of PUFA. In contrast, diabetic patients had a higher intake of PFA 18:4 and PFA 20:5 (p < 0.001). After stratifying according to gender, we found similar results among female participants, while in male participants, the ethnicity and poverty–income ratio were not statistically different among normal, prediabetes, and diabetes groups (Supplementary Tables S1–S4).


TABLE 1 Characteristicsa stratified by groups of diabetes risk sample for participants in NHANES 2005–2020.3 (n = 16,290).
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Characteristics by tertiles of MUFA and PUFA are presented in Supplementary Table S5. Participants in the highest tertile of MUFA and PUFA were younger, with a higher poverty–income ratio, higher educational level, higher incidence of prediabetes, and lower rates of T2DM (p < 0.001).



Association between diabetes and intake of MUFA

Odds ratios (ORs) for prediabetes and diabetes by tertiles of MUFA intake are presented in Table 2. In the present study, a higher dietary MUFA intake was associated with lower odds of prediabetes and diabetes. Participants in the highest MUFA tertile had ~50% lower odds for prediabetes and 69% lower odds for diabetes than those in the lowest tertile [prediabetes: ORsmedium (95% CI) = 0.72 (0.62, 0.84), ORshighest (95% CI) = 0.50 (0.41, 0.60); T2DM: ORsmedium (95% CI) = 0.52 (0.43, 0.62), ORshighest (95% CI) = 0.31 (0.24, 0.39)], after adjustment for age, gender, ethnicity, education level, family income–poverty ratio, and total energy intake.


TABLE 2 Odds ratios with 95% confidence intervals for odds for prediabetes and diabetes by total monounsaturated fatty acids and polyunsaturated fatty acids for participants in NHANES 2005–2020.3 (n = 16,290)a.
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These identified negative associations were affected by age, weakening, and aging (Figure 2). Higher MUFA intake was inversely associated with prediabetes and T2DM risk among participants compared with the lowest MUFA intake: for participants aged 18–39, 40–59, and ≥60 years, who, in the highest MUFA tertile, had an approximately 58, 46, and 40% lower risk of prediabetes and 79, 72, and 57% lower risk of T2DM, respectively. Medium intake of MUFA was significantly associated with a lower risk of prediabetes and diabetes among participants aged 18–59 years old, not in participants aged ≥60 years.


[image: Figure 2]
FIGURE 2
 Odds ratios with 95% confidence intervals for odds for prediabetes by tertiles of total monounsaturated fatty acids and polyunsaturated fatty acids in different age groups for participants in NHANES. MUFAs, total monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids; ORs, Odds ratios; CIs, confidence intervals. OR and 95% CI were adjusted for gender, age, ethnicity, high educational level, poverty–income ratio, and total energy intake.


Moreover, the effects of MUFA subtypes on prediabetes and diabetes were different (Figure 3). Higher intakes of MFA 18:1 and MFA 20:1 were related to a 25–49% and 17–28% lower prediabetes risk, respectively. Participants in the highest MFA 16:1 tertile tended to have a 24% lower prediabetes risk. No association was observed between MFA 22:1 and prediabetes risk. Furthermore, similar trends were found between specific MUFAs and diabetes.
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FIGURE 3
 Odds ratios with 95% confidence intervals for odds for prediabetes and diabetes by tertiles of specific types of total monounsaturated fatty acids and polyunsaturated fatty acids for participants in NHANES. MUFA, total monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids; ORs, odds ratios; CIs, confidence intervals. OR and 95% CI were adjusted for gender, age, ethnicity, high educational level, poverty–income ratio, and total energy intake.


Similarly, the effects of subtypes of MUFA on prediabetes and diabetes varied among different age groups (Supplementary Figures S1, S2). MFA 16:1, MFA 18:1, and MFA 20:1 may be protective factors for prediabetes and diabetes. However, their protective effects weakened with age, from 57 to 9%. No association was observed between MFA 22:1 and prediabetes and diabetes.



Associations between diabetes and PUFA

Like MUFA, a higher intake of PUFA was negatively associated with prediabetes and diabetes risk both in crude and adjusted models (Table 2). Participants in the higher PUFA tertile had approximately 28–49% lower odds for prediabetes and 42–68% lower odds for diabetes than those in the lowest tertile [prediabetes: ORsmedium (95% CI) = 0.72 (0.64, 0.82), ORshighest (95% CI) = 0.51 (0.43, 0.59); diabetes: ORsmedium (95% CI) = 0.58 (0.49, 0.70). ORshighest (95% CI) = 0.32 (0.26, 0.41)].

Similar significant results for PUFA, prediabetes, and T2DM were observed among all age groups. However, the protective effect may be weakened with age (Figure 2): participants in the highest (medium) PUFA tertile had approximately 51% (31%), 50% (24%), and 39% (23%) lower odds for prediabetes and 82% (59%), 72% (44%), and 53% (30%) for diabetes among 18–39, 40–59, and ≥60 years groups, respectively.

Adults with the highest dietary PFA 18:2 and PFA 18:3 had significantly lower prediabetes and diabetes risk (Figure 3). Higher intakes of PFA 18:2 and PFA 18:3 were negatively associated with 26–47% and 18–40% lower odds of prediabetes, with 37–66% and 27–57% of T2DM. Additionally, participants with the highest intake of PFA 20:4 and PFA 22:6 had a lower prediabetes risk. Furthermore, the highest tertile intake of PFA 20:4, PFA 20:5, and PFA 22:5 was negatively related to diabetes. No relationship between PFA 18:4 and prediabetes or diabetes was observed.

Similar age trends were observed for the association between subtypes of PUFA and prediabetes and diabetes compared with MUFA (Supplementary Figures S1, S2). Few subtypes of PUFA were associated with lower diabetes risk among older adults compared with younger adults. Among the younger age groups, almost all types of PUFA were negatively associated with prediabetes or diabetes. For older adults, only PFA 18:2 and PFA 18:3 might have protective effects on diabetes and prediabetes. Compared with that effect on prediabetes, the subtype of PUFA has a significant protective effect on diabetes.

Similar trends were observed when we conducted a correlation between specific MUFA or PUFA with hemoglobin glycation and fasting glucose (Supplementary Tables S6–S9).




Discussion

Based on a nationally representative population sample of the United States, we found that dietary MUFA and PUFA intake and some specific MUFA/PUFA may be associated with a decreased incidence of prediabetes and T2DM. Additionally, their protective effects against T2DM might be greater than those on prediabetes. Moreover, the subgroup analysis suggested that the relevance of their MUFA, PUFA, and subtype on prediabetes and diabetes varied among different age groups, being weakened along with age. This is the first study focused on the subtypes of MUFA and PUFA fatty acid intake in prediabetes and T2DM.

A higher dietary UFA has been recognized as an essential protective factor for T2DM development by many research studies. Prevailing dietary guidelines advocated substituting saturated fatty acid (SFA) with UFA, including MUFA and PUFA, mainly based on the cardiovascular benefit (22, 23), while less is known about the effects of dietary UFA, especially MUFA, on T2DM prevention. MUFA represents a healthier alternative to saturated animal fats and has several health benefits, including preventing metabolic syndrome and its complications (24). However, the relationship between MUFA and diabetes risk is a controversial issue.

Most existing studies focused on the impact of a high-MUFA diet, not MUFA, on the metabolic factors of T2DM patients. Meta-analyses of randomized controlled trials demonstrated that consuming high-MUFA diets may reduce glycosylated hemoglobin among individuals with glucose metabolism disorders (25) and improve metabolic risk factors, including fasting plasma glucose among T2DM patients (26). Errazuriz et al. conducted a randomized controlled trial on prediabetic patients, which suggested that 12 weeks of a MUFA diet could increase hepatic fat and improve both hepatic and total insulin sensitivity (27). A prospective study of 11 offspring of obese and T2DM patients indicated that weight maintenance with a MUFA-rich diet improved homeostasis model assessment of insulin resistance and fasting pro-insulin levels in insulin-resistant subjects (28). Zhuang et al. also conducted a follow-up study and found that plasma concentrations of MUFA were positively associated with T2DM risk (29). Notably, studies of MUFA and diabetes risk are limited and controversial. A prospective nationwide cohort study from China concluded that intake of MUFA from fried plant-based foods may elevate T2DM risk among the Chinese population, while non-fried plant MUFA was not associated with the study mentioned in the reference (30). In the present analysis, we suggested that high dietary MUFA intake may be associated with a decreased incidence of prediabetes and T2DM. However, we are unaware of studies on the association between dietary intakes of subtypes of MUFA. In our analysis, not all of the subtypes of MUFA may be good for prediabetes and T2DM. Moderate and high dietary intakes of MFA 18:1 and MFA 20:1 were related to low prediabetes and diabetes risk. Large intakes, not medium, of MFA 16:1 may be a protective factor for prediabetes and T2DM risk, while dietary intake of MUFA 22:1 might not be related to diabetes risk. Overall, these findings provide a clue that the type of MUFA must first be paid close attention to when using it for impaired glucose tolerance and diabetes prevention.

Compared with MUFA, PUFA [a classification of UFA that contains two or more double bonds (31)] has been studied by most researchers (13). Many pieces of evidence from a review demonstrated that PUFA had a protective effect on T2DM development (32). Some studies showed that total PUFA intake might be associated with the increased incidence of T2DM in Europe and Australia while decreasing T2DM incidence in Asia (14). Our analysis agreed with the protective effect. A high intake of total PUFA may play a protective role for diabetes and prediabetes, especially for diabetes. Therefore, public health initiatives should be tailored to improving the total dietary PUFA intake, given the increasing trend of T2DM among Americans.

PUFA includes two series of fatty acids: n-3 and n-6 series: the former includes PFA 18:3, PFA 20:5, and PFA 22:6, whereas PFA 18:2, PFA 20:3, and PFA 20:4 are examples of the latter. The effects of n-3, n-6, and PUFA on the prevention and treatment of T2DM are also controversial, positively (10), invertedly U-shaped (11), negatively (12, 33), or not effectively (13), and varied among different populations (11). Additionally, epidemiology studies showed that some specific types of PUFA, such as levels of PFA 18:3 (34–36) and PFA 18:2 (14, 37), were inversely associated with a lower risk of T2DM, and PFA 22:6 may be associated with increased T2DM. PFA 18:2 and PFA 18:3 are essential fatty acids constituting 85–90% of dietary n-6 PUFAs in the US (38). They have been proven to improve insulin resistance and glycemia (39) and are recommended for health in most dietary guidelines (40). Being consistent with this recommendation, we suggested that higher intakes of PFA 18:2 and PFA 18:3 were beneficial for prediabetes and diabetes, especially in younger adults. However, we found no association between PFA 22:6 and PFA 20:5, also referred to as DHA and EPA, and diabetes. DHA, a major nutrient for the growth and maintenance of nervous system cells, is essential for the intellectual and visual development of the unborn baby (41). Therefore, the association between PFA 20:5, PFA 22:6, and other subtypes of PUFA should be further studied.

Nevertheless, the protective effects of MUFA or PUFA intake on diabetes risk may be related to an incretin peptide hormone, glucagon-like peptide-1 (GLP-1). GPR120 is a receptor expressed in the adipose tissue, pro-inflammatory macrophages, and gastrointestinal tract, especially in the enteroendocrine L cells (42). Notably, PUFA can bind with GPR120 to promote the release of GLP-1, which further affects insulin secretion. Moreover, this stimulatory effect has a dose-dependent relationship with the concentration of free fatty acids in the blood (43, 44).

Stratified analyses also showed a significant difference among all age groups regarding the relationship between MUFA and PUFA intake for prediabetes and T2DM. The protective effect decreased with increasing age. The reasons for this may ascribe some abnormalities among older adults in islet β-cell and insulin secretion, such as impaired insulin secretion pulsatility, decreased insulin sensitivity of pancreatic β-cells to insulinotropic gut hormones, and diminished insulin response to non-glucose stimuli that may lead to lower protective functions among older adults (45). However, it can also have protective functions when taking large amounts of specific MUFA and PUFA fatty acids. Even so, some PUFAs can still be considered an important modifiable factor for improving diabetes risk in older adults, such as PFA 18:2 and PFA 20:5.

Interestingly, we also found that the protective effects of MUFA, PUFA, or subtypes against T2DM might be greater than those of prediabetes. Prediabetes is a condition in which fast glucose is already above normal but not enough to diagnose diabetes (46). There is no doubt that diabetes is more serious than prediabetes. Our results revealed that diabetic patients may have a more severe UFA deficiency or that the therapeutic effect of UFA may be better than the preventive effect. More intervention studies are needed to confirm this.

The present analysis had the advantages of a large sample size, a strong representative of the study population from 2005 to March 2020, and comprehensive data focusing on the association between total and subtypes of MUFA and PUFA. However, there are still several limitations to this study. First, though we have a large sample size and a strong representative sample of the population from 2005 to March 2020, the NHANES was observational and did not conduct the cohort survey. Second, we collected 2 days of dietary recall interviews and took averages of these nutrients, but maybe there was memory bias. Third, the association between each subtype of MUFA and PUFA from dietary supplements and diabetes risk should be considered. Furthermore, this study did not collect the MUFA and PUFA of the supplements. Finally, the effects of potential confounding factors on the results, such as genetic susceptibility, psychosocial stress, physical activity, and body fat, still need further study.



Conclusion

In the present analysis, we found that dietary MUFA and PUFA intake and some specific MUFA/PUFA may be associated with a decreased incidence of prediabetes and T2DM. Additionally, their protective effects against T2DM might be more significant than those with prediabetes. Moreover, subgroup analysis suggested that the relevance of their MUFA, PUFA, and subtype on prediabetes and diabetes varied among different age groups, being weakened along with age. Notably, this warrants the added investigation of the effects of the subtypes of MUFA and PUFA or their age differences on prediabetes and T2DM.
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Total monounsaturated fatty acids

T1 1 1 1 1 1 1
T2 0.87 (0.7, 0.98) 0.82(0.72,0.94) 0.72 (0.62, 0.84) 0.59(0.51, 0.68) 0.60 (0.51, 0.70) 0.52 (0.43, 0.62)
T3 0.71(0.64, 0.80) 0.67 (0.59,0.77) 0.50 (0.41, 0.60) 0.40 (0.34, 0.47) 0.42 (0.35,0.51) 0.31(0.24, 0.39)

Total polyunsaturated fatty acids

T1 1 1 1 1 1 1
T2 0.81(0.73,0.91) 081 (0.71,0.91) 0.72 (064, 0.82) 0,60 (0.51,0.71) 0.65 (0.54, 0.78) 0.58 (0.49, 0.70)
T3 067 (0.60, 0.74) 0.65 (0.58,0.73) 0.51 (043, 0.59) 0.39(0.33, 0.46) 0.41 (034, 0.50) 0.32(0.26, 0.41)

*Values are odds ratio and 95% confidence interval calculated by multinomial logistic regression.
Model I: crude model.

Model II: adjusted for gender, age, ethnicity, educational level, and poverty-income ratio.
4Model I1I: additionally adjusted for total energy intake (Kcal/d).





OPS/images/fnut-10-1284800-g003.gif
Predabeces OR (95% C1)|

Dlahetss OR 95% €






OPS/images/fnut-10-1284800-t001.jpg
Characteristics Normal vs. prediabetes Normal vs. diabetes

Normal Prediabetes® P-value Normal Diabetes? P-value

n (%) 6,365 (47.09) 7,153 (52.91) 6,365 (69.66) 2,772 (30.34)
Sex <0.001 <0.001

Male 2,503 (39.76) 3,803 (53.59) 2,503 (39.76) 1,455 (52.76)

Female 3,862 (60.24) 3,350 (46.41) 3,862 (60.24) 1,317 (47.24)
Age (years) <0.001 <0.001

18-39 3,643 (53.20) 1,925 (26.68) 3,643 (53.20) 229 (9.52)

40-59 1,762 (33.59) 2,540 (40.56) 1,762 (33.59) 873 (35.71)

=60 960 (13.21) 2,688 (32.75) 960 (13.21) 1,670 (54.77)
Ethnicity (n, %) 0.24 <0.001

Non-Hispanic white 2,861 (69.83) 3,115 (69.37) 2,861 (69.83) 1,034 (63.58)

Non-Hispanic black 1,268 (9.80) 1,504 (9.97) 1,268 (9.80) 739 (14.21)

Mexican American 935 (7.54) 1,118 (8.42) 935 (7.54) 469 (9.28)

Others 1,301 (12.83) 1,416 (12.24) 1,301 (12.83) 530 (12.93)
Educational level (1, %) <0.001 <0.001

<12 years 1,011 (11.59) 1,621 (15.23) 1,011 (11.59) 862 (21.88)

>12 years 4,740 (88.41) 5,278 (84.77) 4,740 (88.41) 1,890 (78.12)

missing 614 (5.00) 254 (1.85) 614 (5.00) 20 (0.38)
Poverty-income ratio (1, 0.03 <0.001
%)

<130 1,822 (20.38) 1,959 (19.34) 1,822 (20.38) 815(22.71)

1.30-3.50 2,172 (34.83) 2,462 (36.06) 2,172 (34.83) 1,064 (41.68)

>3.50 1,887 (44.78) 2,069 (44.60) 1,887 (44.78) 628 (35.61)

Missing 484 (6.01) 663 (7.66) 484 (6.01) 265 (7.28)
Body weight (kg) 76.53 £0.31 85.91£0.39 <0.001 76.53 £ 0.31 94.37 £0.63 <0.001
Age: body weight 0.022 £ 0.00019 0.026 + 0.00026 <0.001 0.022 + 0.00019 0.028 + 0.00027 <0.001
Dietary variables (g)
Total monounsaturated 2827 +£0.21 29.50 £0.24 <0.001 28.27+0.21 2828 £0.42 <0.001
fatty acids
Total polyunsaturated 18.21 £0.16 18.72 £0.17 <0.001 18.21£0.16 18.28 £0.28 <0.001
fatty acids
MEFA 16:1 1128.01 £ 10.57 1192.78 £ 11.46 <0.001 1128.01 £ 10.57 1143.86 £19.32 <0.001
(hexadecenoic) (mg)
MFA 18:1 (octadecenoic) 26,297 £ 198.37 27,463 £220.78 <0.001 26297 £ 19837 26,348 £ 397.43 <0.001
MFA 20:1 (eicosenoic) 282.67 £3.38 302.76 £ 3.48 <0.001 282.67 +£3.38 295.62+5.05 <0.001
MEFA 22:1 (docosenoic) 29.69 £ 1.54 3418+ 1.34 <0.001 29.69 £ 1.54 36.97 £2.09 <0.001
PFA 1822 16,106 + 145.09 16,531 + 148.08 <0.001 16,106 =+ 145.09 16140 = 255.14 <0.001
(octadecadienoic)
PFA 18:3 1662.19 £ 18.98 1730.64 £22.25 <0.001 1662.19 = 18.98 1681.34 £ 29.44 <0.001
(octadecatrienoic)
PFA 18:4 12.42 £0.51 12.89 £0.52 <0.001 1242 £0.51 11.40 £ 0.60 <0.001
(octadecatetraenoic)
PFA 20:4 138.85 £ 2.06 148.34 £ 1.74 <0.001 138.85 £2.06 152.74 £2.57 <0.001
(eicosatetraenoic)
PFA 20:5 34.66 % 1.64 36.94 £ 1.56 <0.001 34.66 + 1.64 3374191 <0.001
(eicosapentaenoic)
PFA 22:5 21.69 £ 0.50 24.08 £ 0.49 <0.001 21.69 % 0.50 22.67 £0.68 <0.001
(docosapentaenoic)
PFA 22:6 66.85£2.73 71.88 £2.50 <0.001 66.85 £2.73 69.63 £3.25 <0.001
(docosahexaenoic)
Total energy intake 2084.76 £ 11.66 2127.23 £13.44 <0.001 2084.76 £ 11.66 1955.31 £ 23.89 <0.001
(keal/day)
Fast plasma glucose 91.39 £0.11 105.42 £0.16 <0.001 91.39 £0.11 157.64 £ 1.80 <0.001
(mg/dL)
Glycohemoglobin (%) 5.1940.0051 5.55 % 0.0072 <0.001 5.19.+0.0051 7.21£0.044 <0.001
Insulin (Mu/MI) 9.63£0.19 14.26 £0.26 <0.001 9.63£0.19 20.57 £0.88 <0.001

“Values are given as mean + SE for continuous variables or frequencies for categorical variables. The significant differences between groups were tested using multivariable logistic regression
analysis tests for continuous variables and Rao-Scott modified chi-square tests for categorical variables.

©Type 2 diabetes was defined as FPG > 126 mg/Dl or HbA e > 6.5%, or self-reported use of insulin or oral agents. Prediabetes was defined as FPG 100-125 mg/Dl or HbALe 5.7-6.5% (19).
€Over 12 years of school education.

4The ratio is the total family income divided by the poverty threshold.
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