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Background

I Elevated NEFA concentrations are associated with incident type 2 diabetes
(T2DM)(1–3), however NEFA are comprised of physiologically diverse species.

I Limited longitudinal data exist on total and individual NEFA in the progression of
metabolic disorders underlying diabetes.

I Our objective was to study the longitudinal associations of NEFA concentrations and
individual NEFA species with 6-yr changes in insulin sensitivity (IS), beta-cell function,
and insulin clearance.

Methods: Prospective Metabolism and Islet Cell Evaluation cohort

I Adults at-risk for diabetes were recruited from Toronto and London, ON and followed
every 3-yrs. A total of 3 visits were collected (6-yrs follow-up)

I An OGTT was conducted at each visit (3 blood samples: 0, 30, 120 min) to measure
glucose, insulin, and fasting NEFA (n=477).

I NEFA were quantified at baseline using thin layer chromatography and gas
chromatography, and both mol% and concentration values were analyzed.

I The primary outcomes were computed from the glucose and insulin from the OGTT:
1/HOMA-IR and ISI (Matsuda Index) for IS (4,5); Insulinogenic index over HOMA-IR
(IGI/IR) and Insulin Secretion-Sensitivity Index-2 (ISSI-2) for beta-cell function (6,7).

I A secondary outcome was insulin clearance (IC), using insulin-to-C-peptide ratio based
on all values from the OGTT.

I Generalized estimating equations was used adjusted for waist, sex, ethnicity, baseline
age, family history of diabetes, and ALT.

I P-values were adjusted using the False Discovery Rate to correct for multiple testing.

Results: Brief overview

I Over the 6-yr period, the primary outcomes decreased between 8.7% to 19.5%
I Of the NEFA, palmitic acid, oleic acid, and linoleic acid comprised the majority (74.1%)

of the pool (Figure 1).
I Strong correlations were seen between certain NEFA (e.g. 16:0, 16:1n-7, 14:0, and

14:1n-7 were all strongly correlated with each other; Figure 2).
I From the GEE analysis (Figure 3), no fatty acids were associated with IS; associations

were only seen with beta-cell function. Palmitic acid, linoleic acid, and total NEFA were
negatively associated with beta-cell function. Only docosahexaenoic acid was negatively
associated with IC, though weakly. No associations were seen for NEFA as a mol%.

I There were no time-by-NEFA interactions with any of the outcome variables.
I The lowest tertile of total NEFA concentration had consistently the highest beta-cell

function over the 6-yrs (Figure 4).

Results: Distribution of NEFA
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Figure 1: Distribution of non-esterified fatty acid species in absolute concentrations. Dots represent individual
data points, while the boxes represent the median and interquartile range.

Results: Correlations of fatty acids within NE fraction
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Figure 2: Heatmap of Pearson correlations between individual NEFA.

Conflict of Interest Disclosure:

This poster does not contain trade names. It also does not cover any unapproved uses of
specific drugs, other products or devices.

Results: GEE analysis
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Figure 3: Longitudinal associations of non-esterified fatty acids with insulin sensitivity, beta-cell function, and
insulin clearance over a 6-yr period. GEE models adjusted for sex, ethnicity, waist, baseline age, ALT, and family
history of diabetes. P-values were adjusted for multiple testing using the False Discovery Rate.

Results: GEE results of total NEFA with beta-cell function
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Figure 4: Predicted marginal means (lsmeans) of total NEFA with beta-cell function from the adjusted GEE
models. Coloured lines represent tertiles of total NEFA concentration.

Discussion

I While palmitic acid and linoleic acid as a concentration had a negative association with
beta-cell function, these associations were likely driven by the negative association seen
with total NEFA and beta-cell function. This is confirmed in light of the mol% results.

I Our novel findings emphasize that higher total NEFA, irrespective of the FA composition,
associate with lower beta-cell function and that this observation is consistent
longitudinally. The role of NEFA on beta-cell function is consistent with literature
suggesting that beta-cells are particularly sensitive to lipotoxicity (2).

Acknowledgements

I We’d like to thank the study participants and the research nurses (Jan
Neuman, Paula Van Nostrand, Stella Kink, Annette Barnie, Sheila Porter
and Mauricio Marin) and lab technician (Zhen Liu).

I LWJ received a Canadian Diabetes Association Doctoral Student
Research Award.

I This study is supported by funding from: Canadian Diabetes Association
and the Canadian Institutes of Health Research.

Comments or questions? Please contact: luke.johnston@mail.utoronto.ca.
Copyright c©2015 Authors.

References

1. Djoussé L, Khawaja O, Bartz TM, Biggs ML, Ix JH, Zieman SJ, et al. Plasma fatty acid-binding protein 4, nonesterified fatty acids, and incident diabetes
in older adults. Diabetes Care. 2012;35(8):1701–7.
2. Giacca A, Xiao C, Oprescu AI, Carpentier AC, Lewis GF. Lipid-induced pancreatic beta-cell dysfunction: Focus on in vivo studies. Am J Physiol
Endocrinol Metab. 2011;300(2):E255–62.
3. Il’yasova D, Wang F, D’Agostino J R B, Hanley A, Wagenknecht LE. Prospective association between fasting NEFA and type 2 diabetes: Impact of
post-load glucose. Diabetologia. 2010;53(5):866–74.
4. Matthews D, Hosker J, Rudenski A. Homeostasis model assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28(7):412–9.
5. Matsuda M, DeFronzo R. Insulin sensitivity indices obtained from oral glucose tolerance testing: Comparison with the euglycemic insulin clamp.
Diabetes Care. 1999;22(9):1462–70.
6. Wareham N, Phillips D, Byrne C, Hales C. The 30 minute insulin incremental response in an oral glucose tolerance test as a measure of insulin
secretion. Diabet Med. 1995;12(10):931.
7. Retnakaran R, Qi Y, Goran M, Hamilton J. Evaluation of proposed oral disposition index measures in relation to the actual disposition index. Diabet Med.
2009;26(12):1198–203.


