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Introduction
Isolated post-challenge hyperglycemia (IPH), characterized by 2-h 

postprandial plasma glucose (2h-PG) ≥ 11.1 mmol/L and fasting plasma 
glucose (FPG) < 6.0 mmol/L, is a subtype of type 2 diabetes (T2D). The 
prevalence of IPH is variable, but it has been reported to account for as 
much as 70% of all undiagnosed diabetes in elderly women [1] and is 
also common among the non-obese [2]. In the Third National Health 
and Nutrition Examination Survey, 41% of undiagnosed diabetes was 
IPH [3]. In an urban Iranian population, the prevalence of IPH was 
3.1%, being 40% of total new cases of T2D, a prevalence that increases 
with age [4]. Although there was not the data of the prevalence of IPH 
in China, our previous studies found out that IPH was about 40% of 
the newly diagnosed T2D in Harbin of province of Heilong Jiang [5,6]. 
Therefore, it is important to study the metabolic change of IPH subjects. 
Although many studies have illustrated fatty acid and steroid metabolic 
disorders in type 2 diabetes, these metabolic change in IPH have not 
been systematically investigated. In this study, we detected the change 
of dehydroepiandrosterone sulfate (DHEA-S), free fatty acids (FFAs) 
and desaturase activity in different gender of IPH subjects.

Materials and Methods
Subjects

All subjects in this study were from the Harbin People’s Health 
Study which characteristics of subjects has been published previously 
[7]. The study was approved by the Ethics Committee of Harbin Medical 
University and conducted in accordance with the Declaration of 
Helsinki. Informed consent was obtained from each participant. A total 
of 241 subjects with newly diagnosed IPH were included and subjects 
enrolled were not on any medication. IPH subjects were diagnosed 
according to the 1997 American Diabetes Association (ADA) criteria 
(Report of the expert committee on the diagnosis and classification of 
diabetes mellitus 1997). The cutoff value for FPG of IPD patients was 
6.0 mmol/L and for 2h-PG was 11.1 mmol/L. All blood samples were 
collected in the morning before breakfast and fasting blood samples 
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were immediately centrifuged at 3,000 g for 10 min at room temperature 
and then stored at –80ºC until analysis. 

Clinical chemistry measurements 

Blood glucose was measured using Kyoto blood sugar test meter 
and test strip (Arkray, Inc. Kyoto, Japan). Serum total cholesterol 
(TC) and triglyceride (TG) were assayed using standard enzymatic 
colorimetric techniques and commercial kits (Biosino Biotechnology 
Ltd, Beijing, China) with an auto-analyzer (AUTOLAB PM 4000, 
AMS Corporation, Rome, Italy). Serum insulin was measured using 
commercial kits (Tosoh Corporation, Tokyo, Japan) with an auto-
immunoassay analyzer (AIA-2000 ST, Tosoh Corporation, Tokyo, 
Japan). Serum DHEA-S concentration was measured by a commercial 
kit (IBL Corporation, Hamburg, Germany) of enzyme-linked 
immunosorbent assays (ELISA). The homeostasis model assessment of 
insulin resistance (HOMA-IR) index was calculated from the fasting 
plasma glucose (FPG, mmol/L) and insulin values (FINS, mU/L) as 
HOMA-IR = FPG×FINS/22.5. 

Free fatty acid measurement and estimation of desaturase 
activity

Samples were randomly selected for the extraction of FFAs and Gas 
Chromatography/Mass Spectrometer (GC/MS) acquisition. The fatty 
acid methyl esters were prepared as described previously [5]. GC/MS 
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analysis was performed using gas chromatography coupled to an ion-
trap mass spectrometer (TRACE GC/PolarisQ MS, Thermo Finnigan, 
USA). Separation was performed on a J&W DB-WAX capillary column 
(30 m × 0.25 mm I.D, 0.25 μm film thickness). This methylated FA was 
used to determine the percentage composition.

The product-to-precursor ratios of individual free fatty acids in 
serum were used to estimate desaturase activities as follows: Delta-
9-desaturase (D9D) = 16:1 n-7/16:0 and 18:1 n-9/18:0; Delta-6-
desaturase (D6D) = 18:3 n-6/18:2 n-6 and Delta-5-desaturase (D5D) 
= 20:4 n-6/20:3 n-6.

Statistical analysis

All analyses were done for men and women with IPH separately. 
Student’s t test and the chi-square test were used to assess differences 
in clinical characteristics and DHEA-S between men and women for 
continuous variables and categorical variables, respectively. Analysis 
of variance (ANCOVA) was used to compare serum free fatty acid 
levels and desaturase activities between men and women, adjusting for 
potential covariates (alcohol consumption, 2h-PG, fasting insulin and 
DHEA-S). The Spearman correlation coefficient was used for testing 
the relationships between DHEA-S, and clinical characteristics and the 
different fatty acid fractions. Multiple linear regression between serum 
DHEA-S, free fatty acids and desaturase activities was also performed 
to control for potential confounding variables including age, BMI, TG, 
TC, 2h-PG and insulin. All P values were two-sided, and values less 
than 0.05 were considered statistically significant. Statistical analyses 
were carried out with SPSS 13.0 (SPSS, Chicago, IL).

Results
Baseline characteristics of the subjects

241 subjects with IPH were divided into two subgroups according 
to the gender (Table 1). The mean age of subjects was 52.2 for men and 
52.4 for women. There were no differences in smoking, dietary intake, 
BMI, diastolic blood pressure (DBP), systemic blood pressure (SBP), 
FPG, TG, TC, glycosylated hemoglobin (HbA1c), HOMA-IR and 

insulin between men and women (Table 1). Moreover, women had a 
higher 2h-PG and fasting insulin than men. DHEA-S level and alcohol 
consumption were significantly lower in women than men (DHEA-S, 
1274.48 ± 329.14 vs. 1407.54 ± 314.97 ng/mL; P < 0.05).

Serum FFAs composition and desaturase activities of the 
study subjects

The palmitoleic acid (C16:1) was significantly higher in men than 
in women (2.43 ± 0.66 vs. 2.21 ± 0.42, P <0.05), whereas there was 
lower eicosapentaenoic acid (C20:5) in men than women (0.20 ± 0.13 
vs. 0.26 ± 0.16, P < 0.05). The percentage of saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids 
(PUFA) were not significantly different in men and women with IPH 
subjects. The same findings were observed in n-3 and n-6 fatty acids. 
With regard to desaturase activities, D5D were significantly higher in 
women than in men (Table 2).

Correlations between serum DHEA-S levels and various 
metabolic parameters

Serum DHEA-S level was significantly decreased when age 
increased in both men and women (P <0.05 and P <0.001, respectively) 
and BMI decreased in women (P < 0.05). Furthermore, higher levels of 
fasting insulin, 2h-PG, TC and TG were associated with lower DHEA-S 
level in men, and the same results were obtained in women except for 
that there was not statistically significant between TC and DHEA-S 
level (P = 0.12). Moreover, other variables including DBP, SBP and FPG 
did not show a measurable association with DHEA-S level (Table 3).

Relation among DHEA-S level, FFAs composition and 
desaturase activities

DHEA-S level was significantly decreased with an increasing 

Parameter Men (n =122) Women (n = 119)
Smoker/non-smoker 35/86 26/93
Alcohol consumption 54.76% 23.45%*

Age (years) 52.2 ± 8.4 52.4 ± 8.8
BMI (kg/m2) 26.4 ± 4.3 26.4 ± 3.7

DBP (mmHg) 86.5±11.7 86.2±13.7
SBP (mmHg) 140.4 ± 23.4 145.7 ± 25.9
FPG (mmol/l) 5.1 ± 0.6 5.2 ± 0.6

2h-PG (mmol/l) 16.6 ± 5.2 17.1 ± 4.8**
TG (mmol/l) 2.3 ± 1.1 2.4 ± 0.9
TC (mmol/l) 5.1 ± 1.0 5.2 ± 1.2

Fasting insulin (mU/l) 8.68 ± 3.58 9.64 ± 4.44*
HOMA-IR 2.84 ± 0.94 2.98 ± 0.97
HbA1c% 6.21±0.42 6.17±0.37

Total energy (kJ/d) 9681 ± 2615 9221 ± 2054
Protein (en%) 12.3 ± 2.2 13.0 ± 2. 6

Carbohydrate (en%) 57.8 ± 5.2 58.4 ± 6.7
Fat (en%) 29.2 ± 4.3 28.4 ± 4.9

DHEA-S (ng/mL) 1407.54 ± 314.97 1274.48 ± 329.14*

(* P < 0.05; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; TG: Triglycerides; TC: Total cholesterol. FPG: Fasting plasma 
glucose; 2h-PG: 2 h Postprandial plasma glucose).

Table 1: Clinical characteristics of 241 subjects (mean ± SD).

FFA (%) Men (n =122) Women (n = 119)
 Total SFA 28.02 (3.68) 28.67 (3.38)

C14:0 0.18 (0.03) 0.17 (0.02)
C16:0 21.94 (2.72) 22.57 (2.74)
C18:0 5.90 (2.05) 5.94 (1.62)

Total MUFA 22.56 (2.98) 21.72 (3.125)
C16:1 2.43 (0.66) 2.21 (0.42)*
C18:1 20.14 (2.85) 19.51 (3.00)

Total PUFA 49.46 (4.28) 49.66 (5.52)
Total n-3 4.30(0.98) 4.33(1.09)

C18:3 0.68 (0.30) 0.66 (0.28)
C20:5 0.20 (0.13) 0.26 (0.16)*
C22:5 0.88 (0.64) 0.96 (0.70)
C22:6 2.53 (0.64) 2.45 (0.53)

Total n-6 45.17 (4.17) 45.32 (5.10)
C18:2 35.64 (3.88) 35.61 (4.31)

γ-C-18:3 0.54 (0.11) 0.53 (0.09)
C20:3 0.67 (0.20) 0.61(0.26)
C20:4 8.31 (1.85) 8.59 (1.92)

D9D-16(16:1n-7/16:0) 0.11 (0.03) 0.10 (0.02)*
D9D-18(18:1n-9/18:0) 3.88 (1.63) 3.48 (0.88)
D6D(18:3n-6/18:2 n-6) 0.015 (0.003) 0.015 (0.003)
D5D(20:4n-6/20:3 n-6) 13.20 (3.65) 15.35 (4.59)*

Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty 
acids; PUFA, polyunsaturated fatty acids; Delta-9-desaturase (D9D); Delta-6-
desaturase (D6D); Delta-5-desaturase (D5D). (ANCOVA analysis by adjusting for 
alcohol consumption, 2h-PG, fasting insulin and DHEA-S; * p < 0.05.)

Table 2: Free fatty acids composition and desaturase activities in serum (mean ± SD).
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proportion of total SFA, palmitic acid and stearic acid in men and 
women (Table 4). And there was no significant correlation between 
DHEA-S and stearic acid when adjusted age, BMI, TG, TC, 2h-PG and 
insulin in women. Moreover, DHEA-S level was positively associated 
with total PUFA, total n-6 fatty acids, docosapentaenoic acid, γ-linolenic 
acid and eicosatetraenoic acid in men. The correlation of DHEA-S 
with docosapentaenoic acid disappeared (P = 0.438) after controlling 

variable in men. In women, there were significant correlation between 
DHEA-S with total PUFA, total n-3 fatty acids, docosapentaenoic acid, 
docosahexaenoic acid, linoleic acid and γ-linolenic acid. After we 
performed a multiple linear regression analysis in women, the results 
indicated that there were no significant correlation between DHEA-S 
with linoleic acid and γ-linolenic acid (P = 0.154 and P = 0.093, 
respectively).

Parameters
Men (n =122) Women (n = 119)

r p  r p
Smoker/non-smoker - - - -
Alcohol consumption - - - -
Total energy (kJ/d) - - - -

Protein (en%) - - - -
Carbohydrate (en%) - - - -

Fat (en%) - - - -
Age (years) -0.31* 0.04 -0.52** 0.001
BMI (kg/m2) 0.34* 0.01 0.39** 0.002

DBP (mmHg) - - - -
SBP (mmHg) - - - -
FPG (mmol/l) - - - -

2h-PG (mmol/l) -0.42** 0.004 -0.26* 0.04

Parameters
Men (n =122) Women (n = 119)

r (β) p r (β) p
TG (mmol/l) -0.35* (-0.31*) 0.02(0.03) -0.48**(-0.39**) 0.001(0.005)
TC (mmol/l) -0.38* (-0.32*) 0.01(0.02) -0.20*(-0.19*) 0.02(0.04)

Fating insulin (mU/l) -0.48**(-0.41**) 0.004(0.008) -0.48**(-0.35**) < 0.001(< 0.001)

Table 3: Metabolic parameters correlated with the serum DHEA-S levels by Spearman correlation analysis.
(- : no correlation. * p< 0.05; ** p < 0.01; r: Spearman correlation coefficient. β: Multiple linear regression coefficient. 
A multiple linear regression analysis between DHEA-S levels and insulin, and lipid levels have been performed by adjusting for age, BMI and 2h-PG).

FFA (%) Men (n =122) Women (n = 119)

Model 1 Model 2 Model 1 Model 2

r p β p r p β p

Total SFA -0.717** < 0.001 -0.581** < 0.001 -0.489** < 0.001 -0.284** 0.009
C14:0 -0.240 0.117 -0.101 0.453 -0.003 0.979 0.130 0.184
C16:0 -0.646** < 0.001 -0.450** < 0.001 -0.350** 0.006 -0.215* 0.037
C18:0 -0.393** 0.008 -0.358* 0.005 -0.376** 0.003 -0.127 0.232

Total MUFA 0.292 0.054 0.021 0.883 0.132 0.309 0.131 0.171
C16:1 -0.180 0.242 -0.089 0.451 -0.164 0.206 -0.116 0.223
C18:1 0.394** 0.008 0.144 0.310 0.089 0.494 0.133 0.170

Total PUFA 0.464** 0.002 0.378* 0.001 0.336** 0.008 0.211* 0.035
Total n-3 0.202 0.188 0.081 0.520 0.584** < 0.001 0.392** < 0.001

C18:3  0.326* 0.031 0.192 0.139 0.165 0.205 0.170 0.078
C20:5 0.045 0.773 0.121 0.370 0.066 0.612 0.042* 0.737
C22:5 0.311* 0.040 0.099 0.438 0.410** 0.001 0.237* 0.018
C22:6 0.110 0.477 0.033 0.795 0.562** < 0.001 0.341** < 0.001

Total n-6 0.425* 0.004 0.374** 0.001 0.217 0.093 0.142 0.158
C18:2 0.178 0.249 0.225 0.055 0.260* 0.043 0.148 0.154

γ-C-18:3 0.507** < 0.001 0.422** 0.002 0.286* 0.025 0.163 0.093
C20:3 -0.005 0.974 -0.029 0.813 -0.104 0.426 -0. 026 0.802
C20:4 0.383* 0.010 0.397** 0.001 0.003 0.980 0.071 0.461

D9D-16(16:1n-7/16:0) 0.181 0.240 0.279 0.061 0.050 0.699 0.026 0.793
D9D-18(18:1n-9/18:0) 0.484** 0.001 0.373** 0.006 0.275* 0.032 0.012 0.907

D6D(18:3n-6/18:2 n-6) 0.407** 0.006 0.191 0.168 0.367** 0.004 0.216* 0.034

D5D(20:4n-6/20:3 n-6) 0.006 0.968 0.046 0.728 0.047 0.719 0.049 0.630

Table 4: FFAs compositions and desaturase activities correlated with the serum DHEA-S levels by Spearman. correlation analysis and Multiple linear regression analysis 
(* p < 0.05; ** p < 0.01; Model 1: Spearman correlation coefficient. Model 2: Regression coefficient adjusted for age, BMI, TG, TC 2h-PG and fasting insulin).
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When evaluating the relationship between desaturase activities and 
DHEA-S, DHEA-S correlated positively with D9D-18 and D6D in men 
and women (Table 4). After adjusting age, BMI, TG, TC, 2h-PG and 
insulin, a positive association between DHEA-S and D9D-18 (r = 0.31, 
P = 0.031) is shown in men and D6D was positively associated with 
DHEA-S in women (r = 0.261, P = 0.034). 

Discussion
In this study, we demonstrated that DHEA-S level is lower in 

women than in men with IPH subjects. DHEA-S is the most abundant 
steroid produced by the adrenal gland. DHEA-S seems regulated by 
insulin which is able to inhibit DHEA-S synthesis in the adrenals [8] 
and acutely decrease circulating DHEA-S levels [9]. Our results showed 
that there was higher level of insulin in women than men, which maybe 
imply that the low DHEA-S in women was affected by the insulin. 
Furthermore, our results suggested that the insulin was negatively 
associated with the DHEA-S, which was supported by Shriock’s study 
that a negative association between insulin and DHEA-S level in normal 
humans [10]. Thus, insulin hypersecretion in IPH subjects would 
decrease DHEA-S level. Moreover, DHEA-S was positively correlated 
with BMI and negatively related with age in both sexes. Several cross-
sectional studies have examined the relationship between overweight 
or obesity and plasma level of DHEA-S. Consistent with our results, 
several studies [11,12] reported a positive correlation between DHEA-S 
and BMI. However, two studies found that DHEA-S was negatively 
associated with measures of obesity [13,14]. The reason for these 
discrepancies is that the age may have been a significant confounding 
factor in this association. The association between DHEA-S and BMI 
in two studies [13,14] was not statistically adjusted for age. Further, our 
study and some studies [15] indicated DHEA-S was related to age. Thus, 
differences in the age of subjects may have represented an important 
confounding factor in the study of the relationship between obesity and 
DHEA-S. 

Serum DHEA-S level is closely associated with lipid metabolism. 
Epidemiological studies have shown that DHEA-S level was significant 
negative related with TG and TC levels [16,17]. Consistent with 
these studies, our result suggested a significant negative relationship 
between DHEA-S and these variables. A possible mechanism of the 
relationship between DHEA-S and lipid might involve an indirect effect 
of this hormone on the peroxisomal β-oxidation pathway in animal 
experiment [18,19]. 

Of note was that DHEA-S was associated with the fatty acid 
profiles. Our results showed that the DHEA-S level was significantly 
decreased with an increase of total SFA in both sexes, which suggested 
that endogenous DHEA-S was negatively related with total SFA. The 
relationship between total SFA and DHEA-S was mainly attributed to a 
concomitant increase of palmitic acid (16:0). The negative correlation 
between palmitic acid and DHEA-S may explain some of the beneficial 
properties of DHEA-S which may contribute to improve insulin 
sensitivity [20]. Palmitic acid seems to impair insulin sensitivity by its 
conversion into ceramides, which interference with the insulin signaling 
pathway [21]. Furthermore, DHEA-S level was positively associated with 
total n-6 fatty acids, γ-linolenic acid and eicosatetraenoic acid in men, 
and total n-3 fatty acids, docosapentaenoic acid, and docosahexaenoic 
acid in women. However, there is still a disagreement about the role 
of n-6 fatty acids in the development of metabolic alterations. Several 
authors have attributed a deleterious role to n-6 fatty acids [22] and the 
other study also recognized a protective role of n-6 fatty acids against 
obesity related alterations [23]. Further studies are necessary to confirm 
if the relation of plasma n-6 fatty acids and DHEA-S observed in the 

study is beneficial or not. Nevertheless, with regard to n-3 fatty acids, 
it has been widely reported that n-3 fatty acids are inversely associated 
with metabolic syndrome and may improve insulin sensitivity. 
Therefore, the beneficial effect of DHEA-S on the insulin sensitivity 
may be contributed to the association between DHEA-S and n-3 fatty 
acids.

Earlier studies have reported that DHEA-S is able to modulate fatty 
acids metabolism by changes in the activity of several hepatic enzymes 
involved in FA biosynthesis and oxidation [24]. In this study, the 
correlation of DHEA-S and several desaturases was estimated and our 
results suggested that DHEA-S level correlated positively with D9D-
18 (stearoyl-CoA desaturase) in men and D6D in women (Table 4). 
Desaturase is important enzymes of fatty acids biosynthesis and mainly 
included D9D-18, D6D, D5D, and so on. D9D-18 converts stearic acid 
(C18:0) to oleinic acid (C18:1) by introducing a double bond in the 
delta 9-position and D6D is a desaturase which is responsible for the 
conversation of polyunsaturated fatty acids by introducing a double 
bond in the delta 6-position. These desaturase activities are determined 
primarily by transcription of the genes and regulation of mRNA levels 
[25]. It has been demonstrated that DHEA-S either bind or activate 
several families of transcription factors like peroxisome proliferator-
activated receptor (PPAR) and other receptors that can modulate 
desaturase mRNA levels [26]. Further, high correlations were observed 
between DHEA-S and desaturase activities in rats and obesity women 
[27]. In short, the correlations between DHEA-S and desaturase 
suggested that DHEA-S has an effect on the fatty acid metabolism.

Several limitations of our study deserve comment. First, our 
hypothesis that serum fatty acids were correlated with DHEA-S was 
based on findings in the literature. However, these studies mainly 
involved in the effect of exogenous DHEA-S on fatty acids and none 
of them was the relationship between endogenous DHEA-S and fatty 
acids in human. Therefore, our results need to further validate in the 
large population. Second, we did not measure desaturase activity 
directly, but rather estimated it from the ratio of the specific substrate 
to the corresponding product of the respective enzyme. Third, although 
we adjusted for factors known to influence fatty acid metabolism and 
DHEA-S, the possibility of residual confounding cannot be excluded. 
Finally, our study subjects did not represent a random sample of the 
Chinese population, and thus caution is required in generalizing the 
present results to the entire Chinese population. In conclusion, there is 
different DHEA-S, fatty acid profile and the desaturase activities in both 
genders with the IPH subjects and the association between DHEA-S 
and fatty acids, desaturase activities is dependent on some factors 
including age, BMI, TC, TG, 2h-PG and insulin. 
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The novelty statement

At present, less attention has been paid to the metabolic change of the IPH 
subjects. In this study, the association of DHEA-S and FFA, desaturase were 
investigated in isolated post-challenge hyperglycemia (IPH) subjects. The results 
suggested DHEA-S was partly correlated with FFA composition and desaturase 
in IPH subjects. These findings partly explain the beneficial role of exogenous 
DHEA-S in lowering the risk of type 2 diabetes.
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