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Purpose: High circulating free fatty acid (FFA) is associated with the development of
diabetes. This study was designed to evaluate longitudinal associations between FFA levels,
changes in FFA levels, and mean FFA levels and incident diabetes.
Participants and Methods: This 3-year cohort study was conducted in Ningyang between
2011 and 2014. Serum FFA, fasting blood glucose (FPG), 2-hour postprandial blood glucose
(2hPG), and glycosylated hemoglobin (HbA1c) levels were measured at baseline and at the
end of follow-up. A multivariate stepwise logistic regression model was used to evaluate
associations between serum FFA levels in various groups and the risk of incident diabetes.
Results: Of the 2905 individuals without baseline diabetes, 290 developed diabetes by the
3-year follow-up. With increasing baseline FFA levels, the mean FPG, 2hPG, and HbA1c
levels, and the prevalence of diabetes at the end of follow-up increased. The trend of FPG
and HbA1c increase was not statistically significant. Higher baseline FFA levels were not
significantly associated with greater risk of incident diabetes. However, longitudinal changes
in serum FFA levels showed that individuals with serum FFA levels from normal to high (OR
= 2.956, 95% CI: 2.089–4.184) or from high to high (OR = 3.343, 95% CI: 2.300–4.857) had
greater risk of incident diabetes compared with those with normal to normal FFA levels.
Similarly, individuals with ΔFFA ≥ 0 mmol/L (OR = 1.762, 95% CI: 1.373–2.262) or high
mean serum FFA levels (OR = 2.120, 95% CI: 1.620–2.775) were at higher risk of incident
diabetes than those with ΔFFA < 0 mmol/L or normal mean serum FFA levels.
Conclusion: The longitudinal status of serum FFA levels, including chronic increases and
sustained high levels, was more closely associated with high risk of incident diabetes than
was high baseline FFA levels.
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Diabetes is a major medical problem in China and worldwide due to its increasing
incidence and prevalence. Hundreds of million individuals suffer from diabetes
(type-1 or type-2 diabetes mellitus) and its various cardiovascular complications,
causing a heavy health burden worldwide.1,2 In 2017, the International Diabetes
Federation revealed that approximately 425 million individuals had diabetes world
wide and this number is predicted to increase to 629 million by 2045.3 In China, the
prevalence of diabetes and prediabetes in adults were estimated at 11.6% and
50.1%, respectively. These figures equate to approximately 113.9 and
493.4 million Chinese adults with diabetes and prediabetes, respectively.1
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Therefore, it is necessary to understand the pathogenesis
of diabetes and identify factors with causal roles in the
etiology of diabetes.
There is an extensive body of basic science and animal
research that has explored the role of free fatty acid (FFA)
in glucose intolerance or the development of diabetes.4–7
Chronically increased serum FFA or sustained hyper-free
fatty acidemia induce hepatic and muscle insulin resis
tance and impair insulin secretion referred to as
lipotoxicity,4–6 which are considered the two main patho
logical mechanisms of diabetes.4,7 However, relatively few
longitudinal epidemiologic studies have investigated the
associations between serum FFA levels and incident
diabetes.2
Previous cross-sectional studies have examined the
relationship between fasting circulating FFA concentra
tions and diabetes and draw a common conclusion that
individuals with diabetes have higher circulating FFA con
centrations compared with normal individuals.2,8–11
However, the results of longitudinal cohort studies asses
sing whether baseline levels of circulating FFA can predict
the risk of developing diabetes remain controversial.11–15
The majority of prospective epidemiological studies
reported that high FFA levels predict the development of
diabetes after adjustment for potential confounders such as
obesity.12–15 By contrast, another study reported no rela
tionship between baseline FFA levels and the development
of Type 2 diabetes, even showing that baseline FFA levels
were slightly lower in those who progressed to diabetes
than with those who did not.11 The differences in study
populations may at least partially explain the variation in
results observed across previous studies. However, the
effect of FFA on glucose metabolism is a chronic and
long-term process. To the best of our knowledge, no
investigation has evaluated the associations between long
itudinal changes in serum FFA or mean serum FFA levels
and incident diabetes. Therefore, in this study, we investi
gated the associations between baseline serum FFA levels
and incident diabetes. Further, we explored the risk asso
ciated with the longitudinal statuses of serum FFA across
the incident diabetes follow-up.

Materials and Methods
Study Design and Participants
This retrospective cohort study was derived from
a noninterventional epidemiological investigation titled
Risk Evaluation of cAncers in Chinese diabeTic
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Individuals: A longitudinal (REACTION) study in
Shanghai Jiao Tong University School of Medicine (clin
ical trial number: NCT01506869).16 The REACTION
study enrolled 259,657 Chinese people (≥40 years of
age) from 25 communities in mainland China between
2011 and 2012 with follow-ups planned at 3-, 5-, and 10years.
The data included in the present study were from study
participants from Ningyang County, Shandong Province.
The 3-year follow-up visits were conducted from 2011 to
2014. Of the overall recruited population, 6,060 subjects
participated in the baseline survey and accepted the followup visits after 3 years. Individuals who met the following
criteria were included in this retrospective cohort study: (1)
individuals with non-diabetes (normal or prediabetes) at
baseline; (2) blood samples were examined at baseline and
at follow-up to acquire available serum indices, including
serum lipid profiles such as serum triglyceride (TG), total
cholesterol (TC), low-density lipoprotein cholesterol (LDLC), high-density lipoprotein cholesterol (HDL-C), FFA, fast
ing blood glucose (FPG), 2-hour postprandial blood glucose
(2hPG), and glycosylated hemoglobin (HbA1c) levels; (3) no
missing information of key covariates including age, body
mass index (BMI), waist circumference (WC), family history
of diabetes, and history of smoking and drinking; (4) no use
of medications affecting glucose and lipid metabolism,
including metformin, insulin, statins and fibrates three
months before recruitment and during the follow-up period;
and (5) no disease affecting glucose and lipid metabolism
including malignant tumors, severe hepatic and renal insuffi
ciency, and thyroid dysfunction three months before recruit
ment and during the follow-up. Ultimately, 2905 individuals
were enrolled in this study.
This study conducted in Ningyang County was
a branch of the REACTION study and shared a common
ethics approval by the Ruijin Hospital Ethics Committee
of Shanghai JiaoTong University School of Medicine.
Informed consent was obtained from each participant
after receiving a detailed explanation of the purpose and
nature of all procedures used. This study was conducted in
accordance with the Declaration of Helsinki.

Definition of Groupings and Outcomes
Serum FFA levels at baseline or the end of follow-up were
classified as: normal (FFA < 0.9 mmol/L) or high (FFA ≥
0.9 mmol/L) according to the normal reference ranges
(0.1–0.9 mmol/L) in Department of Laboratory Medicine,
Shandong Provincial Hospital. Longitudinal changes in
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FFA levels from the baseline to the end of follow-up were
categorized as: from normal to normal; from normal to
high; from high to normal; and from high to high.
Additionally, mean serum FFA and ΔFFA levels from the
baseline to the end of follow-up were calculated using the
following formulas: mean FFA level = (FFA concentration
at baseline + FFA concentration at end of follow-up)/2,
and ΔFFA level = FFA concentration at end of follow-up –
FFA concentration at baseline.
The glucose metabolic status of participants at baseline
and at the 3-year follow-up included normal, prediabetes,
and diabetes, defined based on the ADA 2017 criteria.17
Criteria for the diagnosis of diabetes were: FPG ≥ 126 mg/
dL (7.0 mmol/L) or 2hPG ≥ 200 mg/dL (11.1 mmol/L) after
an oral glucose tolerance test (OGTT) or HbA1c ≥ 6.5% (48
mmol/mol). Criteria for the diagnosis of prediabetes were
FPG, 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L)
(IFG) or 2hPG after an OGTT, 140 mg/dL (7.8 mmol/L) to
199 mg/dL (11.0 mmol/L) (IGT) or HbA1c, 5.7–6.4%
(39–47 mmol/mol). The OGTT should be performed as
described by the WHO, using a glucose load containing
the equivalent of 75 g anhydrous glucose dissolved in water.

Data Collection
All investigators completed a standardized training pro
gram to minimize inter-rater variability. All blood samples
were collected between 8:00 and 10:00 AM after overnight
fasting and were immediately preserved at −80°C until
required for analysis. Blood glucose levels were examined
within 2 h. Serum lipid profiles including FFA, glucose
metabolic indices including FPG and 2hPG, HbA1c, and
indices of hepatic and renal function were examined using
a Beckman AU5800 chemistry analyzer system (Beckman
Coulter, Tokyo, Japan). For laboratory investigation, at
least 1 mL of serum was taken to run above lab tests and
the response rate of participants towards blood sampling
was more than 90%. For each of the above parameters,
intra- and inter-assay coefficients of variation were always
below 5%. Blood pressure was measured three times at
3-min intervals for each participant between 8:00 AM and
10:00 AM in sitting position using an electronic sphygmo
manometer (HEM-7117; Omron, Kyoto, Japan) and the
mean value was calculated. WC was measured in centi
meters. Weight and height were measured in kilograms
and centimeters, respectively. BMI was calculated by
dividing the weight (kilograms) by the square of the height
(square meters). Family history of diabetes, and history of
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smoking and drinking were based on the results of selfreported questionnaires.

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 25.0. The means ± stan
dard deviation and medians (interquartile range) were used
to describe continuous variables with normal and skewed
distributions, respectively. Categorical variables are pre
sented as numbers (percentages). Continuous variables
with normal distribution were compared using a t-test.
Continuous variables with skewed distribution were com
pared by Mann−Whitney U-test. Categorical variables
were compared by chi-square test. With increasing FFA
quartiles, ANOVA trend tests and Cochran–Armitage chisquared tests for trend were used to assess the trends of
continuous and categorical variables, respectively.
A multivariate logistic (stepwise) regression model
adjusted for age, sex, family history of diabetes, BMI,
WC, FPG, TC, TG, LDL, HDL, and smoking and drinking
levels was used to assess the risk correlation between FFA
and incident diabetes. Logistic regression analysis out
comes are presented as regression coefficients (B),
adjusted odds ratio (OR) values, and 95% confidence
intervals (CIs). All calculated p values were two-sided,
and p < 0.05 was considered statistically significant.

Results
Baseline Characteristics of the Study
Population According to FFA Levels
The basic clinical characteristics of the study population
according to FFA levels are summarized in Table 1.
Compared with individuals with normal FFA levels,
the mean age and indices of glucose metabolism such
as FPG and 2hPG were significantly increased in indi
viduals with high FFA levels, while the mean HbA1c
between the two groups did not statistically differ (p >
0.05). The prevalence of prediabetes was significantly
higher among individuals with high FFA levels than
among individuals with normal FFA levels (85.7% vs
80.8%, p < 0.05). The proportion of family history of
diabetes was significantly greater among individuals
with normal FFA levels than among participants with
high FFA levels (2.5% vs 1.3%, p < 0.05). Additionally,
individuals with high FFA levels had higher TC, TG,
and HDL-C levels. For obesity indices, individuals with
high FFA levels had lower BMI and WC, while there
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Table 1 Baseline Characteristics of the Study Population
According to FFA Levels
Normal FFA

High FFA Level

Level
(FFA<0.9mmol/

(FFA≥0.9mmol/
L, N=875)

P value

Age (years)

53.78±8.29

55.53±8.61

Gender
Male

908 (44.7%)

325(37.1%)

<0.001

1122 (55.3%)

550(62.9%)

FPG (mmol/L)

5.60±0.50

5.71±0.54

<0.001

2hPG (mmol/

6.96±1.64

7.66±1.75

<0.001

HbA1c (%)

5.74±0.34

5.75±0.34

0.477

Prediabetes

1641 (80.8%)

750 (85.7%)

0.002

TC (mmol/L)

4.96±1.12

5.17±1.09

<0.001

TG (mmol/L)

1.05 (0.77~1.47)

1.19 (0.83~1.75)

<0.001

LDL-C (mmol/
L)

2.95±0.88

3.00±0.87

0.154

HDL-C
(mmol/L)

1.44±0.35

1.50±0.38

<0.001

BMI (kg/m2)

25.12±3.42

24.85±3.64

0.058

WC (cm)

87.11±9.87

86.88±10.49

0.566

SBP (mmHg)

136±20

138±20

0.015

DBP (mmHg)

81±11

82±12

<0.001

Family history

50 (2.5%)

11 (1.3%)

0.038

AST (U/L)

21 (17~25)

21 (18~25)

0.001

ALT (U/L)

16 (12~21)

15 (12~21)

0.466

Scr (umol/L)

63.93±11.13

63.77±10.69

0.720

eGFR (mL/

116.45±21.53

113.71±19.83

0.001

1644 (81.0%)

737 (84.2%)

129(6.4%)

43 (4.9%)

257 (12.7%)

95 (10.9%)

<0.001

Female

L)

of diabetes

min/1.73m2)
Smoking levels
Never
Almost
everyday

0.102

(Continued)
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Normal FFA

High FFA Level

Level
(FFA<0.9mmol/

(FFA≥0.9mmol/
L, N=875)

P value

L, N=2030)

L, N=2030)

Occasionally
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Table 1 (Continued).

Drinking levels

0.081

Never

1431 (70.5%)

608 (69.5%)

Occasionally

372 (18.3%)

145 (16.6%)

227 (11.2%)

122 (13.9%)

Almost
every week

Notes: All data are expressed as mean ± standard deviation, median (interquartile
range), number (percentage), and significance (p value); Comparisons of continuous
variables with normal distribution, continuous variables with skewed distribution,
categorical variables were performed by t-test, Mann–Whitney U-test, and chisquare test, respectively.
Abbreviations: FPG, fasting plasma glucose; 2hPG, two hours postprandial blood
glucose; HbA1c, glycosylated hemoglobin; FFA, free fatty acid; TC, total cholesterol;
TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high density
lipoprotein cholesterol; BMI, body mass index; WC, waist circumference; SBP,
systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotrans
ferase; ALT, alanine aminotransferase; Scr, serum creatinine; eGFR, estimated glo
merular filtration rate.

was no statistically significant difference (both p >
0.05). Finally, renal function in individuals with high
FFA levels was slightly lower. Among the baseline
population, a total of 290 of 2905 participants developed
diabetes by the 3-year follow-up. Baseline characteris
tics of the study population according to glucose meta
bolic status was shown in Supplementary Table 1.

Associations of FFA Levels at Baseline
with Various Indices of Glucose
Metabolism and Risk of Incident Diabetes
at End of Follow-Up
The pooled population were divided by baseline FFA levels.
Compared with individuals with normal baseline FFA
levels, individuals with high baseline FFA levels had higher
FPG, 2hPG, HbA1c levels and a higher proportion of dia
betes at the end of follow-up. However, the mean FPG and
HbA1c in groups with normal and high baseline FFA levels
did not statistically differ (both p > 0.05). The pooled
population was then divided into quartiles based on baseline
FFA levels as follows: quartile 1: FFA ≤ 0.48, quartile 2:
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Table 2 Comparison of Glucose Metabolic Indices at the End of Follow-Up in Groups Based on Baseline FFA Levels
FPG (mmol/L)

2hPG (mmol/L)

HbA1c (mmol/L)

Diabetes (N, %)

5.61±0.63

7.66±2.49

5.64±0.38

186 (9.2%)

5.63±0.62

7.93±2.49

5.65±0.36

104 (11.9%)

0.304

0.010

0.326

0.025

Q1 (lowest~0.53)

5.58±0.64

7.41±2.49

5.62±0.37

62 (8.2%)

Q2 (0.53~0.72)
Q3 (0.72~0.96)

5.61±0.62
5.63±0.60

7.79±2.45a
7.83±2.48a

5.64±0.40
5.65±0.37

58 (8.1%)
83 (11.5%)

Q4 (0.96~highest)

5.64±0.64

7.96±2.52a

5.66±0.36

87 (12.3%)

0.071

<0.001

0.095

0.002

FFA levels according to cut-point
FFA < 0.9 mmol/L (n=2030)
FFA ≥ 0.9 mmol/L (n=875)
P value
FFA quartiles (mmol/L)

P for trend

Notes: All data are expressed as mean ± standard deviation, number (percentage), and significance (p value and p for trend); Comparisons between groups of FFA levels
based on cut-off point were performed by t-test and chi-square test. The trends of glucose metabolic indices were assessed by ANOVA trend and Cochran–Armitage chisquared tests for trend; aCompared with FFA quartile 1 (P < 0.05).
Abbreviations: FPG, fasting plasma glucose; 2hPG, two hours postprandial blood glucose; HbA1c, glycosylated hemoglobin; FFA, free fatty acid.

0.48 < FFA ≤ 0.63, quartile 3: 0.63 < FFA ≤ 0.81, and
quartile 4: FFA > 0.81 (mmol/L). With increasing FFA
quartiles, the mean levels of FPG, 2hPG, and HbA1c, and
the proportion of diabetes at the end of follow-up increased
in a stepwise manner. The trends of increased FPG and
HbA1c were not statistically significant (Table 2).
To further evaluate whether baseline FFA levels were
independently associated with incident diabetes, we con
ducted multivariate logistic stepwise regression analyses.
After adjusting for vital confounders such as age, sex,
BMI, WC, family history of diabetes, FPG, TG, TC,
LDL-C, HDL-C, and smoking and drinking levels, all
adjusted ORs for incident diabetes showed no statistical

significance irrespective of how baseline FFA levels were
modeled (normal/high FFA, FFA quartiles, or continuous
variable) (Table 3).

Longitudinal Increase and Sustained High
Level Status of Serum FFA Levels are
Associated with Higher Risk of Incident
Diabetes
Longitudinal changes of FFA levels from the baseline to
the end of follow-up were categorized into four types:
from normal to normal; from normal to high; from high
to normal; and from high to high. Furthermore, levels of

Table 3 Multivariate Logistic Regression of Different Baseline FFA Levels for Incident Diabetes
B

S.E.

OR (95% CI)

P value

0.159

0.138

1.172 (0.895–1.535)

0.248

Q1 (lowest~0.53)
Q2 (0.53~0.72)

−0.117

0.195

1
0.889 (0.607–1.303)

0.547

Q3 (0.72~0.96)

0.234

0.182

1.264 (0.885–1.805)

0.198

Q4 (0.96~highest)

0.244

0.186

1.276 (0.887–1.836)

0.189

0.197

0.186

1.218 (0.846–1.752)

0.288

FFA levels according to cut-point
FFA < 0.9 mmol/L (n=2030)
FFA ≥ 0.9 mmol/L (n=875)

1

FFA quartiles (mmol/L)

FFA (mmol/L)
Per unit increase in FFA

Notes: Multivariate logistic regression was used to estimate coefficient (B), standard error (S.E.), adjusted odds ratio (OR), 95% confidence interval (CI), and significance (p
value); Multivariate model: adjusted for age, sex, BMI, WC, family history of diabetes, FPG, TG, TC, LDL-C, HDL-C, and smoking and drinking levels.
Abbreviations: FFA, free fatty acid; BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; LDL-C, lowdensity lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.
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Table 4 Multivariate Stepwise Logistic Regression of Longitudinal Statuses of FFA Levels for Incident Diabetes
B

S.E.

From normal to high (n=287)

1.084

0.177

2.956 (2.089–4.184)

<0.001

From high to normal (n=661)
From high to high (n=214)

−0.054
1.207

0.177
0.191

0.947 (0.670–1.339)
3.343 (2.300–4.857)

0.758
<0.001

0.566

0.127

1.762 (1.373–2.262)

<0.001

0.752

0.137

1
2.120 (1.620–2.775)

<0.001

Changes of FFA levels from baseline to end of follow-up
From normal to normal (n=1743)

P value

1

ΔFFA
ΔFFA < 0 mmol/L (n=1719)
ΔFFA ≥ 0 mmol/L (n=1186)

1

Mean FFA level during follow-up
Mean FFA < 0.9 mmol/L (n=2324)
Mean FFA ≥ 0.9 mmol/L (n=581)

Notes: Multivariate logistic stepwise regression was used to estimate coefficient (B), standard error (S.E.), adjusted odds ratio (OR), 95% confidence interval (CI), and
significance (p value); Multivariate model: adjusted for age, sex, BMI, WC, family history of diabetes, FPG, TG, TC, LDL-C, HDL-C, and smoking and drinking levels;
Definition: normal FFA level (FFA < 0.9 mmol/L); high FFA level (FFA ≥ 0.9 mmol/L), mean FFA level = (FFA concentration at baseline + FFA concentration at end of followup)/2, ΔFFA level = FFA concentration at end of follow-up – FFA concentration at baseline.
Abbreviations: FFA, free fatty acid; BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; LDL-C, lowdensity lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.

mean serum FFA and ΔFFA from baseline to the end of
follow-up were calculated. After adjusting for confound
ing factors such as age, sex, BMI, WC, family history of
diabetes, FPG, TG, TC, LDL-C, HDL-C, and smoking and
drinking levels, individuals with the serum FFA levels
from normal to high (OR = 2.956, 95% CI: 2.089–4.184)
and from high to high (OR = 3.343, 95% CI: 2.300–4.857)
were associated with higher risk for incident diabetes than
were individuals with the serum FFA levels from normal
to normal. The OR and 95% CI of normal to high and high
to high (p < 0.001) compared with high to normal was
shown in Supplementary Table 2. Individuals with ΔFFA ≥
0 mmol/L had a higher risk of incident diabetes (OR =
1.762, 95% CI: 1.373–2.262, p < 0.001) compared with
the individuals with ΔFFA < 0 mmol/L. When individuals
were divided by mean FFA exposure, the risk for incident
diabetes (OR = 2.120, 95% CI: 1.620–2.775) increased
approximately twofold among individuals with mean
FFA ≥ 0.9 mmol/L compared with that among individuals
with mean FFA < 0.9 mmol/L (Table 4).

Discussion
In this longitudinal cohort study, we explored the associa
tions between serum FFA levels and incident diabetes. The
results demonstrated that higher baseline FFA levels are
not significantly associated with greater risk of incident
diabetes, and do not support the notion that high FFA
levels are a predictor of increased risk for incident dia
betes. Longitudinal changes in serum FFA levels from
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normal to high or from high to high were associated with
greater risks of incident diabetes compared normal to
normal serum FFA. Similarly, individuals with ΔFFA ≥ 0
mmol/L or high mean levels of serum FFA were at higher
risk of incident diabetes compared with those with ΔFFA <
0 mmol/L or normal mean serum FFA levels, respectively.
Circulating FFA primarily come from the processes of
digestion, during which triglyceride (TAG) are hydrolyzed
into mono- or diglycerides and FFA, and endogenous synth
esis from superfluous carbohydrates termed de novo
lipogenesis.18–20 In healthy individuals, FFA levels are
tightly balanced and physiological FFA concentration con
stitutes an important energy source in many body tissues,
serving as the primary oxidative fuel for myocardium, liver,
renal cortex, and skeletal muscle and enhancing basal and
glucose-stimulated insulin secretion.21 However, in vitro and
in vivo experiments have shown that chronically increased
FFA levels lead to glucose homeostasis disturbances by
causing insulin resistance in liver and skeletal muscle, and
impaired pancreatic β-cell function.6,15,21–23 It is likely that
higher FFA levels cause insulin resistance by interfering with
insulin signaling and inhibiting insulin-stimulated glucose
uptake, oxidation, and glycogen synthesis in liver and skele
tal muscle.14,15,24,25 The deleterious effects of chronically
elevated FFA levels on β-cell function are referred to as
lipotoxicity, and involve underlying mechanisms of inflam
mation, oxidative stress, endoplasmic reticulum stress, mito
chondrial dysfunction, and impaired autophagy.6,10
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FFA may play an intermediary role in the association of
factors with an established risk of diabetes. For example, the
relationship between obesity and diabetes has been known
for decades,4,5,7,15,21 and obesity is a critical risk factor for
the development of diabetes.6 The deleterious role of FFA in
type 2 diabetes is most evident in obese patients because
obesity is associated with elevated levels of circulating FFA,
due to expanded adipose tissue mass and decreased FFA
clearance.6,26,27 It is widely accepted that elevated circulating
FFA levels in obesity contribute to insulin resistance by
competitive inhibition of glucose metabolism and β-cell
damage by lipotoxicity.4,5,7,10,26,28 Therefore, FFA is often
considered a mechanistic link between obesity and diabetes
onset. Additionally, the increased risk of diabetes in patients
with autonomic nervous system dysfunction may be attrib
uted to excessive FFA release caused by higher circulating
catecholamine levels.29 Finally, elevated FFA levels may
contribute to chronic, low-grade systemic inflammation asso
ciated with diabetes.30,31
Previous cross-sectional studies have investigated the
relationship between circulating FFA levels and diabetes,
and the common conclusions indicate that high FFA levels
are associated with the presence of diabetes.8–10 However,
few prospective or retrospective cohort studies have evalu
ated the longitudinal association between circulating FFA
levels and incident diabetes. Most conclusions support the
notion that higher baseline FFA levels are an independent
risk factor for the development of diabetes, suggesting that
baseline FFA levels can be used to predict the risk of incident
diabetes.8,12–15,32 Contrary to these conclusions, the Ely
Study found that baseline FFA levels do not predict the future
development of diabetes.11 The disparity in results may be
attributed to differences in the characteristics of the study
participants, which may have obscured the relationship.
These disparities may have been further confounded by the
instability of circulating FFA and the methods of detection
used. Moreover, the Ely Study only included 345 partici
pants, potentially leading to weak statistical power.
Our results show no relationship between baseline FFA
levels and incident diabetes and are consistent with those of
the Ely Study. Furthermore, to the best of our knowledge, this
is the first investigation to evaluate the associations between
the longitudinal statuses of serum FFA, including the changes
in serum FFA levels or mean levels of serum FFA across the
follow-up, and incident diabetes. Our results demonstrate
that individuals with chronically increased FFA, represented
by serum FFA levels changing from normal to high or ΔFFA
≥ 0 mmol/L across the follow-up, and those with sustained
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hyper-FFA (represented by serum FFA levels from high to
high or high mean levels of serum FFA across the follow-up),
had a higher risk of incident diabetes than did individuals
with consistently normal FFA levels. Lipotoxicity is a longterm chronic process that leads to tissue damage. Therefore,
although baseline FFA levels may have some significance for
disease prevention, it is not completely reasonable to use this
parameter to predict the future occurrence of diabetes. Our
results suggested that the longitudinal levels of FFA are
stronger predictors of diabetes onset, and highlight the
importance of long-term FFA control.
However, our study had some limitations. For example,
blood samples were only examined at baseline and end of
follow-up and data from the middle of follow-up were not
obtainable. Examinations of serum FFA levels at more
time points across the follow-up period are necessary
because they will provide more detail about the longitudi
nal status of serum FFA levels. A 3-year follow-up is also
insufficient compared to the chronic development of dia
betes. Therefore, a longer longitudinal study with a longer
follow-up period with sampling throughout is more likely
to reflect the associations between serum FFA levels and
incident diabetes. Additionally, almost 80% of participants
were prediabetic at baseline, possibly due to the older age
of the participants selected at the time of recruitment. This
cohort is less likely to be representative of the general
population. Therefore, caution is required when general
izing these results.

Conclusion
In conclusion, the longitudinal status of serum FFA
levels, including chronic increases and sustained high
levels, is more closely associated with high risk of
incident diabetes than is high baseline FFA levels.
Thus, a reduction in elevated circulating FFA should
be an important target when attempting to postpone or
prevent the occurrence and development of diabetes.
More emphatically, the longitudinal long-term control
of circulating FFA level, such as weight loss and some
pharmacological interventions, is helpful to prevent the
occurrence of diabetes.
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