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Abstract
Posttraumatic stress disorder (PTSD) and growth hormone secretagogue receptor 
(GHSR) were reported to be associated with plasma lipid and glucose levels. How-
ever, interplays of PTSD with GHSR on plasma lipid and glucose levels have not 
been explored yet. This study was to investigate the interplays of PTSD and GHSR 
rs495225 on plasma glucose and lipid profiles. A total of 709 high school students 
were recruited at 6 months after the 2008 Wenchuan earthquake. Variants of GHSR 
rs495225 were identified by polymerase chain reaction-restriction fragment length 
polymorphism analyses and verified by DNA sequencing. The PTSD Checklist 
Civilian Version (PCL-C) was used to assess PTSD. There was no significant dif-
ference of PTSD prevalence between the TT homozygotes and the C allele carriers. 
However, the students with PTSD had significantly lower levels of glucose, insu-
lin and homeostasis model assessment of insulin resistance (HOMA-IR) than the 
students without PTSD in the C allele carriers of GHSR rs495225 after the adjust-
ment for age, gender and body mass index (BMI), but higher levels of TG and TG/
HDL-C in the TT homozygotes. Meanwhile, the TT homozygotes had lower levels 
of HDL-C than the C allele carriers in the students without PTSD, but higher levels 
of insulin and HOMA-IR in the subjects with PTSD. After the adjustment of age 
and gender, and additional adjustment for BMI, the results were not changed except 
the difference of insulin was only a tendency (p = 0.054) after the additional adjust-
ment for BMI. PTSD may augment TG levels and the related lipid ratio TG/HDL-C 
in the TT homozygotes of GHSR rs495225 but decrease the levels of glucose, insu-
lin and HOMA-IR in the C allele carriers.
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Introduction

It was reported that psychological distresses were increased after natural disasters 
(Kulkarni and Pole 2008; Wahlström et al. 2009). Among the wide range of the 
consequences of disasters, posttraumatic stress disorder (PTSD) was documented 
to be probably the most frequent psychopathology in the aftermaths of disas-
ters (Galea et al. 2005; Iii et al. 2006). PTSD is a mental illness after exposures 
to a traumatic stressor, which has three symptom clusters: the re-experiencing 
cluster, the numbing cluster and the miscellaneous symptoms such as exagger-
ated startle, sleep disturbance, and memory impairment or trouble concentrating 
(McNally 2003). Previous researches have demonstrated that PTSD is associated 
with poor physical health, including the elevated prevalence of cardiovascular 
disease (CVD) (Dedert et al. 2010). Meanwhile, obesity, diabetes and abnormali-
ties of plasma lipid profiles, including increased levels of plasma triglycerides 
(TG), total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), 
and decreased levels of high-density lipoprotein cholesterol (HDL-C) are the 
major traditional risk factors of CVD (Baigent et al. 2005; Mihaylova et al. 2012). 
Moreover, previous studies reported that participants with PTSD had significantly 
higher body mass index (BMI) (Dobie et al. 2004; Vieweg et al. 2007) and mor-
bidity of diabetes (Lukaschek et al. 2013; Vancampfort et al. 2016), higher levels 
of TG, TC and LDL-C, and lower levels of HDL-C (Kagan et al. 1999; Karlović 
et al. 2004; Vilibić et al. 2014) when compared with the control subjects. How-
ever, the associations are still controversial since some studies reported no associ-
ations between PTSD and BMI (Barber et al. 2011; Kozaric-Kovacic et al. 2009), 
diabetes (Goodwin and Davidson 2005) or lipid profiles (Jendricko et  al. 2009; 
Tochigi et  al. 2002). The mechanism of these controversies has not been eluci-
dated yet. Nevertheless, genetic backgrounds were not included in these studies, 
which are believed to be closely related to not only PTSD but also these meta-
bolic parameters.

Growth hormone secretagogue receptor (GHSR), also known as ghrelin recep-
tor, was first cloned in human pituitary and hypothalamus (Howard et al. 1996). 
It is implicated in a diverse range of physiological processes, such as the release 
of growth hormone, modulation of food intake and energy metabolism, regula-
tion of pancreatic function, influences on glucose and lipid metabolism, and cell 
protection in the nervous and the cardiovascular systems (Beiras-Fernandez et al. 
2010; Date et  al. 2002; Hosoda et  al. 2006; Jiang et  al. 2006; Sun et  al. 2004). 
The GHSR gene (GHSR) is located on chromosome 3q26.31 and encodes a pro-
tein that belongs to the family of G protein-coupled receptors (Howard et  al. 
1996). The gene consists of 2 exons separated by 1 intron. The polymorphism 
of GHSR rs495225 (NG_021159.1:g.5214C>T) is on the exon 1 with a cytosine 
(C) to thymine (T) transition at base 171 (c.171T>C) (Liu et  al. 2011). Previ-
ous studies indicated that this polymorphism was associated with obesity (Wang 
et al. 2004) and type 2 diabetes (Vartiainen et al. 2004). Wang et al. (2004) found 
that the frequency of the 171T allele of GHSR rs495225 was higher in obese 
subjects (75.0%) than in the underweight individuals (70.2%). Vartiainen et  al. 
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(2004) showed that the subjects with the CC genotype of GHSR rs495225 had 
higher area under the insulin curve values than the T allele carriers in an oral 
glucose tolerance test (OGTT) (Vartiainen et al. 2004). However, no unequivocal 
association was found between GHSR rs495225 and the measures of obesity or 
type 2 diabetes in a study conducted in 507 middle-aged overweight persons with 
impaired glucose tolerance (Mager et  al. 2008). Still, the mechanism of these 
equivocal reports has not been interpreted. In addition, the association of this pol-
ymorphism with plasma lipid profiles has not been reported yet.

To explain the above discrepancies of the association of metabolic parameters 
with PTSD or GHSR rs495225, we hypothesized that GHSR rs495225 might interact 
with PTSD and diversify the associations of PTSD with the CVD-related metabolic 
parameters. To test our hypothesis in the present study, the effects of PTSD on the 
CVD-related metabolic parameters were analyzed in high school students with dif-
ferent genotypes of GHSR rs495225. These students were enrolled at 6 months after 
the 2008 Wenchuan earthquake, a devastating one rating 8.0 on the Richter scale 
occurred on May 12, 2008. The earthquake spread about 100,000 km2, destroyed 
about 6.5 million homes and influenced approximately 46 million persons. Official 
figures stated that 69,277 were confirmed dead, 374,643 injured, and 17,923 were 
missing (https​://www.csi.ac.cn/sichu​an/index080512001.htm; website in Chinese). 
Lipid ratios were also included in the current work because studies had demon-
strated that the lipid ratios might be superior to conventional lipid parameters as 
predictors of CVD, including TG/HDL-C, TC/HDL-C and LDL-C/ HDL-C (Hsia 
et al. 2006; Millan et al. 2009; Shai et al. 2004).

Materials and Methods

Study Population

This study population was enrolled at 6  months after Wenchuan earthquake in a 
boarding high school (grades 11–12), which was located only 10 KM away from the 
epicenter and severely destroyed by the earthquake. This school was selected for two 
reasons. The first one is that it is a public school with common characteristics of all 
local schools. The characteristics of the students were representative of and compa-
rable to all students in this region. The second reason is that there was no death or 
heavy injury in this school and the students did not receive any therapeutic interven-
tions or psychological help. The students were not dispersed to other schools, but 
lived and studied in temporary houses for 15 months until the school was rebuilt. Of 
all the 746 students enrolled, 709 students were finally included in the present study. 
The other students were excluded because (1) they did not complete all the question-
naires as requested in the survey and (2) their blood were not sampled because of 
personal reasons and (3) they had diseases, medications or other interferences that 
influenced plasma lipid profiles or PTSD. All the 709 students were Chinese Han. 
Written Consents were provided by the students and their guardians. This study was 
approved by the Human Ethics Committee of Sichuan University.

https://www.csi.ac.cn/sichuan/
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Measurements

The measurements consisted of two parts and were carried out at 6 months after the 
earthquake. The first part was used to assess demographic characteristics including 
gender, age, height and weight. Body mass index (BMI) was calculated by dividing 
weight in kilograms (kg) by height in meters (m) squared (kg/m2) for each partici-
pant. In the second part, PTSD was assessed using the PTSD Checklist-Civilian Ver-
sion (PCL-C)(Blanchard et al. 1996), which is a self-report 17-item symptom scale 
that corresponds to Diagnostic and Statistical Manual of Mental Disorders, fourth 
edition (DSM-IV) criteria (APA, 2000). Each item of PCL-C was scored from 1 to 
5, and the total score ranged from 17 to 85. A total score of 50 was used to be the 
cutoff to classify whether an adolescent has clinically significant PTSD symptoms or 
not in this study. The students with PCL-C scores of 50 and more were designated 
as subjects with PTSD and less than 50 as subjects without PTSD. The PCL-C has 
been shown to have high internal consistency (Cook et al. 2005), and has been com-
monly used with adolescents (Barnes et al. 2005; Calderoni et al. 2006; Liu et al. 
2010). All questionnaires were pretested with students in the school who had been 
exposed to the earthquake.

DNA Extraction and Genotyping

Genomic DNAs were prepared from peripheral blood cells at 6  months after the 
earthquake using a DNAout kit (Tiandz, china) and stored at -80°C for further 
uses. The polymerase chain reaction-restriction fragment length polymorphism 
(PCR–RFLP) method was used to screen the genotype of GHSR rs495225 in 2016 
using the stored genomic DNAs. A 593-bp DNA fragment containing the poly-
morphic site was amplified by PCR using the following primer sequences: forward 
primer, 5′-CGG​GGT​TCA​ACC​TCA​CAC​T-3′, reverse primer, 5′-AGA​GCG​CAC​
CGC​AA ACTC-3′. The PCR conditions were denaturation at 95°C for 5 min, fol-
lowed by 35 cycles of denaturation at 95°C for 35  s, annealing at 63°C for 20  s, 
extension at 72°C for 40 s and a final extension at 72°C for 10 min. The genotypes 
of GHSR rs495225 were identified by restriction digestion with LweI (Fermentas, 
Vilnius, Lithuania) and electrophoreses on 3.0% agarose gel, and verified by DNA 
sequencing.

Blood Collection and Laboratory Analyses

Twelve-hour fasting venous bloods were sampled between 7:00 a.m. and 8:00 a.m. 
at 6  months after the earthquake. Laboratory analyses were carried out after the 
sampling. Enzymatic methods were used to assess the plasma concentrations of 
TG, TC and glucose. LDL-C concentrations were quantified by the polyvinyl sul-
fate precipitation method. HDL-C concentrations were measured enzymatically 
after phosphotungstic-Mg2+ precipitation of apolipoprotein B-containing lipopro-
teins. Insulin concentrations were determined by electrochemical luminescence 
with a Roche E170 Analyzer. Homeostasis model assessment of insulin resistance 
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(HOMA-IR) was calculated by glucose (mmol/L) × insulin (mIU/L)/22.5. TG/HDL-
C, TC/HDL-C and LDL-C/HDL-C were calculated. All biochemical parameters 
were measured three times and the average values were used for statistical analyses.

Statistical Analyses

Data were expressed as mean ± SD unless otherwise stated. Statistical analyses 
were carried out in 2016 using the data of anthropometric, biochemical and psy-
chological characteristics obtained at 6  months after the earthquake, and the data 
of genetic characteristics obtained in 2016. The χ2 goodness-of-fit test was used to 
identify significant departures from the Hardy–Weinberg equilibrium. Chi-square 
was used to examine the differences in genotypic distribution and PTSD prevalence. 
One-way analysis of variance (ANOVA) was applied to analyze the differences of 
variables between the subjects with different genotypes or the subjects with and 
without PTSD. Analyses of covariance (ANCOVA) with age and gender or with 
age, gender and BMI as covariates were used to analyze the differences of TG, TC, 
LDL-C, HDL-C, TG/HDL-C, TC/HDL-C, LDL-C/HDL-C, glucose, insulin and 
HOMA-IR in subjects with and without PTSD or/and with different genotypes of 
GHSR rs495225. Age, gender and BMI were used as covariates because impacts of 
these variables were observed on plasma lipid and glucose concentrations (Bijari 
et al. 2015; Guzzaloni et al. 1991; Polac et al. 2003; Wakabayashi 2014). Statistical 
significance was defined as p ≤ 0.05.

Results

Distribution of the Genotypes of GHSR rs495225

As Fig. 1 shows, the digestion of the PCR products with the CC genotype yielded 
two bands of 151 and 442 bp, the TT genotype yielded only one band of 593 bp, and 
the CT genotype yielded three bands of 151, 442 and 593 bp.

Table  1 shows the genotype frequencies of GHSR rs495225 in the subjects of 
the present study. No departure was found from Hardy–Weinberg equilibrium in 
the study population (p = 0.253). Moreover, no significant gender differences were 
found in the genotype frequencies of GHSR rs495225 (p = 0.498).

Prevalence of PTSD in the Subjects with Different Genotypes of GHSR rs495225

Table 2 presents the prevalence of PTSD in the students with different GHSR rs495225 
genotypes. Due to the relatively small number of subjects with the CC genotype, the 
CC homozygotes and the CT heterozygotes were ascribed to one group, designated as 
the C allele carriers and presented as CX in the tables. There was no significant differ-
ence of PTSD prevalence between the TT homozygotes and the C allele carriers in the 
all subjects, the male subjects or the female subjects. In addition, the female subjects 



278	 Biochemical Genetics (2019) 57:273–288

1 3

had significantly higher prevalence of PTSD than the male subjects in both the TT 
homozygotes (p = 0.004) and the C allele carriers (p = 0.018).

Anthropometric and Biochemical Characteristics of the Subjects With or Without 
PTSD

As presented in Table 3, the subjects with PTSD had significantly higher BMI, TG, TC 
levels and TG/HDL-C than the subjects without PTSD. After the adjustment of age 
and gender, the BMI, TG levels and TG/HDL-C of the PTSD subjects were still sig-
nificantly higher than those of the subjects without PTSD. After the additional adjust-
ment for BMI, no significant difference was found between the subjects with or without 
PTSD.

Fig. 1   Genotyping electrophoretogram of GHSR rs495225. Marker: DNA marker; 1, 3: CC; 2: TT; 4, 5, 
6: CT

Table 1   Distribution of the genotypes of GHSR rs495225

Data are expressed as n (%)
a Males vs. females by Chi-square tests

Genotype Total n (%) Hardy–Weinberg p Males n (%) Females n (%) pa

CC 98 (13.8) 0.253 44 (14.1) 54 (13.6) 0.498
CT 312 (44.0) 144 (46.2) 168 (42.3)
TT 299 (42.2) 124 (39.7) 175 (44.1)
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Anthropometric and Biochemical Characteristics of the Subjects With Different 
Genotypes of GHSR rs495225

As presented in Table 4, the plasma levels of HDL-C were significantly lower in the 
TT homozygotes than that in the C allele carriers. Moreover, the TG/HDL-C and 
the plasma levels of insulin were significantly higher in the TT homozygotes when 
compared with those in the C allele carriers. After the adjustment of age and gender, 
the TT homozygotes only showed lower HDL-C levels and higher TG/HDL-C than 
the C allele carriers. After the additional adjustment for BMI, the HDL-C levels was 
still significantly lower while TG/HDL-C, TC/HDL-C and insulin levels were sig-
nificantly higher in the TT homozygotes than those in the C allele carriers.

Interplays of PTSD with GHSR rs495225 on Anthropometric and Biochemical 
Characteristics

Table 5 presents the interplays of PTSD with GHSR rs495225 on anthropometric 
and biochemical characteristics of the subjects in the present study. The plasma 
levels of HDL-C was significantly lower in the TT homozygotes without PTSD 
than that in the C allele carriers without PTSD. In addition, both the plasma lev-
els of insulin and HOMA-IR were significantly higher in the TT homozygotes with 
PTSD than those in the C allele carriers with PTSD. After the adjustment of age 

Table 3   Anthropometric and biochemical characteristics of the subjects with or without PTSD

Bold values indicate the significant difference p value
Data are expressed as mean ± SD
*Analyses of covariance with the adjustment for age, gender
& Analyses of covariance with the adjustment for age, gender and BMI

Variables Without PTSD With PTSD p-value ANCOVA, 
p-value*

ANCOVA, 
p-value&

Gender: female, n (%) 340 (53.6) 57 (76.0) 0.000 – –
Age, year 16.9 ± 0.58 17.0 ± 0.61 0.171 – –
BMI, kg/m2 20.2 ± 2.22 21.4 ± 2.69 0.000 0.000 –
TG, mmol/L 1.10 ± 0.40 1.29 ± 0.66 0.000 0.011 0.091
TC, mmol/L 3.57 ± 0.56 3.74 ± 0.64 0.014 0.142 0.336
LDL-C, mmol/L 1.66 ± 0.47 1.74 ± 0.59 0.156 0.300 0.752
HDL-C, mmol/L 1.41 ± 0.28 1.41 ± 0.29 0.994 0.515 0.813
TG/HDL-C 0.82 ± 0.39 0.99 ± 0.66 0.001 0.008 0.105
TC/HDL-C 2.61 ± 0.57 2.74 ± 0.67 0.057 0.078 0.580
LDL-C/HDL-C 0.23 ± 0.46 1.29 ± 0.53 0.314 0.275 0.987
Glucose, mmol/L 5.08 ± 0.43 5.00 ± 0.47 0.137 0.486 0.299
Insulin, mIU/L 11.8 ± 5.21 13.1 ± 8.06 0.057 0.460 0.670
HOMA-IR 2.67 ± 1.24 2.95 ± 2.04 0.091 0.466 0.669
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and gender, the results were not changed. After the additional adjustment for BMI, 
the HDL-C levels was significantly lower in the TT homozygotes than that in the 
C allele carriers only in the subjects without PTSD. HOMA-IR was significantly 
higher in the TT homozygotes than that in the C allele carriers in the PTSD subjects.

In the C allele carriers, the PTSD subjects showed significantly higher BMI and 
lower glucose levels than the subjects without PTSD. While in the TT homozygotes, 
BMI, TG, TG/HDL-C, insulin and HOMA-IR were significantly higher in the PTSD 
subjects than those in subjects without PTSD. After the adjustment of age and gen-
der, the results were changed. After the additional adjustment for BMI, the PTSD 
subjects had significantly lower glucose levels, insulin levels and HOMA-IR than 
the subjects without PTSD only in the C allele carriers, while the PTSD subjects had 
significantly higher TG levels and TG/HDL-C than the subjects without PTSD in 
the TT homozygotes.

Table 4   Anthropometric and biochemical characteristics of the subjects with different genotypes of 
GHSR rs495225

Bold values indicate the significant difference p value
Data are expressed as mean ± SD
BMI body mass index, TG triglycerides, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, 
HDL-C high-density lipoprotein cholesterol, HOMA-IR homeostasis model assessment-insulin resist-
ance, ANCOVA analysis of covariance
*Analyses of covariance with the adjustment for age, gender
& Analyses of covariance with the adjustment for age, gender and BMI

Variables CX TT p value ANCOVA, p 
value*

ANCOVA, 
p value&

Gender: female, n (%) 226 (54.1) 175 (58.5) 0.246 – –
Age, year 16.9 ± 0.59 16.9 ± 0.59 0.982 – –
BMI, kg/m2 20.3 ± 2.18 20.8 ± 2.47 0.925 0.895 –
TG, mmol/L 1.09 ± 0.43 1.15 ± 0.45 0.077 0.141 0.121
TC, mmol/L 3.60 ± 0.57 3.58 ± 0.58 0.712 0.467 0.474
LDL-C, mmol/L 1.66 ± 0.46 1.67 ± 0.52 0.852 0.952 0.931
HDL-C, mmol/L 1.43 ± 0.29 1.38 ± 0.26 0.018 0.009 0.007
TG/HDL-C 0.81 ± 0.41 0.88 ± 0.44 0.028 0.045 0.032
TC/HDL-C 2.59 ± 0.55 2.67 ± 0.62 0.053 0.062 0.043
LDL-C/HDL-C 1.21 ± 0.44 1.27 ± 0.51 0.138 0.135 0.110
Glucose, mmol/L 5.08 ± 0.43 5.06 ± 0.44 0.617 0.790 0.798
Insulin, mIU/L 11.5 ± 4.99 12.4 ± 6.28 0.032 0.061 0.045
HOMA-IR 2.62 ± 1.20 2.81 ± 1.53 0.059 0.102 0.079
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Table 5   Interplays of PTSD with GHSR rs495225 on anthropometric and biochemical characteristics

Variables Group Without PTSD With PTSD p valueb ANCOVA, 
p valueb,*

ANCOVA, 
p valueb,&

Gender: female, 
n (%)

CX 192 (52.2) 30 (71.4) 0.018 – –
TT 148 (55.6) 27 (81.8) 0.004 – –
p valuea 0.388 0.296
ANCOVA, p 

valuea,*
– –

ANCOVA, p 
valuea,&

– –

Age, year CX 16.9 ± 0.58 16.9 ± 0.62 0.589 – –
TT 16.8 ± 0.59 17.0 ± 0.61 0.148 – –
p valuea 0.812 0.508
ANCOVA, p 

valuea,
– –

ANCOVA, p 
valuea,&

– –

BMI, kg/m2 CX 20.2 ± 2.13 21.1 ± 2.42 0.013 0.037 –
TT 20.1 ± 2.35 21.8 ± 2.99 0.000 0.001 –
p valuea 0.678 0.276
ANCOVA, p 

valuea,*
0.552 0.306

ANCOVA, p 
valuea,&

– –

TG, mmol/L CX 1.08 ± 0.41 1.16 ± 0.60 0.294 0.714 0.868
TT 1.11 ± 0.40 1.45 ± 0.71 0.000 0.001 0.008
p valuea 0.359 0.058
ANCOVA, p 

valuea,*
0.513 0.084

ANCOVA, p 
valuea,&

0.435 0.157

TC, mmol/L CX 3.58 ± 0.57 3.73 ± 0.58 0.097 0.322 0.482
TT 3.56 ± 0.56 3.75 ± 0.72 0.069 0.268 0.493
p valuea 0.632 0.906
ANCOVA, p 

valuea,*
0.451 0.967

ANCOVA, p 
valuea,&

0.492 0.786

LDL-C, mmol/L CX 1.65 ± 0.46 1.75 ± 0.51 0.201 0.327 0.574
TT 1.66 ± 0.50 1.73 ± 0.68 0.475 0.622 0.930
p valuea 0.808 0.891
ANCOVA, p 

valuea,*
0.883 0.811

ANCOVA, p 
valuea,&

0.784 0.723
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Table 5   (continued)

Variables Group Without PTSD With PTSD p valueb ANCOVA, 
p valueb,*

ANCOVA, 
p valueb,&

HDL-C, mmol/L CX 1.43 ± 0.29 1.45 ± 0.29 0.604 0.945 0.570
TT 1.38 ± 0.26 1.36 ± 0.29 0.564 0.282 0.761
p valuea 0.045 0.153
ANCOVA, p 

valuea,*
0.030 0.157

ANCOVA, p 
valuea,&

0.017 0.217

TG/HDL-C CX 0.80 ± 0.39 0.86 ± 0.61 0.366 0.597 0.905
TT 0.85 ± 0.39 1.15 ± 0.69 0.000 0.001 0.013
p valuea 0.163 0.058
ANCOVA, p 

valuea,*
0.217 0.077

ANCOVA, p 
valuea,&

0.151 0.144

TC/HDL-C CX 2.58 ± 0.55 2.65 ± 0.60 0.427 0.490 0.968
TT 2.65 ± 0.60 2.86 ± 0.74 0.060 0.073 0.402
p valuea 0.130 0.178
ANCOVA, p 

valuea,*
0.145 0.218

ANCOVA, p 
valuea,&

0.083 0.363

LDL-C/HDL-C CX 1.21 ± 0.44 1.25 ± 0.45 0.539 0.518 0.999
TT 1.26 ± 0.49 1.33 ± 0.63 0.437 0.373 0.964
p valuea 0.184 0.526
ANCOVA, p 

valuea,*
0.184 0.580

ANCOVA, p 
valuea,&

0.116 0.746

Glucose, mmol/L CX 5.09 ± 0.44 4.93 ± 0.34 0.024 0.046 0.022
TT 5.06 ± 0.42 5.08 ± 0.59 0.770 0.185 0.227
p valuea 0.307 0.177
ANCOVA, p 

valuea,*
0.383 0.122

ANCOVA, p 
valuea,&

0.413 0.141

Insulin, mIU/L CX 11.5 ± 5.00 11.3 ± 5.29 0.793 0.204 0.044
TT 12.1 ± 5.52 15.3 ± 10.3 0.006 0.032 0.216
p valuea 0.203 0.034
ANCOVA, p 

valuea,*
0.304 0.028

ANCOVA, p 
valuea,&

0.215 0.054
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Discussion

The association of metabolic parameters with PTSD or GHSR rs495225 have 
explored by others (Barber et  al. 2011; Dobie et  al. 2004; Goodwin and David-
son 2005; Jendricko et al. 2009; Kagan et al. 1999; Karlović et al., 2004; Kozaric-
Kovacic et al. 2009; Lukaschek et al. 2013; Mager et al. 2008; Tochigi et al. 2002; 
Vancampfort et al. 2016; Vartiainen et al. 2004; Vieweg et al. 2007; Vilibić et al. 
2014; Wang et al. 2004). However, the results were not consistent. The mechanism 
of the controversies has not been clarified yet. The present study showed that the 
subjects with PTSD had significantly higher BMI, TG, TC and TG/HDL-C than the 
subjects without PTSD (Table 3). These findings are in accordance with the results 
of the prior investigations in which veterans with chronic PTSD showed higher TG 
and TC levels (Kagan et  al. 1999; Karlovic et  al. 2004). Nevertheless, these pre-
vious studies did not include the analysis of the lipid ratios, which were reported 
to be superior to conventional lipids parameters as predictors of CVD (Hsia et al. 
2006; Millan et al. 2009; Shai et al. 2004). Furthermore, the results of the present 
study showed that the significant differences of BMI, TG and TG/HDL-C between 
the subjects with and without PTSD still existed after the adjustment for age and 
gender. However, no significant difference was found after the additional adjustment 
for BMI (Table 3), an important factor reported to be associated with lipid profiles 
(Pereira and Power 2013; Shamai et al. 2011). These results suggest that BMI may 
be one of the factors mediating the difference of the lipid profiles between the sub-
jects with and without PTSD.

Previous studies showed that the CC homozygotes had higher area under the 
insulin curve values than the T allele carriers after OGTT in patients from the Oulu 
Project Elucidating Risk of Atherosclerosis study (Vartiainen et al. 2004). However, 

Table 5   (continued)

Variables Group Without PTSD With PTSD p valueb ANCOVA, 
p valueb,*

ANCOVA, 
p valueb,&

HOMA-IR CX 2.63 ± 1.20 2.50 ± 1.22 0.509 0.122 0.020
TT 2.72 ± 1.31 3.51 ± 2.67 0.005 0.019 0.139
p valuea 0.353 0.032
ANCOVA, p 

valuea,*
0.493 0.025

ANCOVA, p 
valuea,&

0.376 0.046

Bold values indicate the significant difference p value
Data are expressed as mean ± SD
*Analyses of covariance with the adjustment for gender, age
& Analyses of covariance with the adjustment for gender, age and BMI
a Comparisons of those between the TT homozygotes and the C allele carriers in the subjects with or 
without PTSD
b Comparisons of those between the subjects with or without PTSD in the TT homozygotes or the C 
allele carriers



285

1 3

Biochemical Genetics (2019) 57:273–288	

no significant differences were observed of type 2 diabetes related parameters 
between the participants with different GHSR rs495225 genotypes in individuals 
with impaired glucose tolerance (Mager et al. 2008). In the present study, no signifi-
cant difference of plasma glucose levels was observed between the TT homozygotes 
and the C allele carriers of GHSR rs495225 regardless of the adjustment for age and 
gender or the additional adjustment for BMI. However, the TT homozygotes were 
found to have significantly higher levels of insulin than the C allele carriers only 
after the adjustment for age, gender and BMI. These results suggest that age, gender 
and BMI are the confounding factors affecting the association of GHSR rs495225 
with plasma levels of insulin. This finding may be one of the explanations for the 
previous inconsistent reports in the literature. It should also be considered that the 
participants of the present study were healthy young adolescents with normal glu-
cose and insulin levels.

Although discrepancies have been reported about the associations between GHSR 
rs495225 and obesity or diabetes (Mager et al. 2008; Vartiainen et al. 2004; Wang 
et al. 2004), the association of this polymorphism has not been explored with plasma 
lipid profiles. Meanwhile, the TT homozygotes were found to have significantly 
lower levels of HDL-C and higher levels of TG/HDL-C and TC/HDL-C than the C 
allele carriers after the adjustment for age, gender and BMI (Table 4). These results 
demonstrate for the first time that GHSR rs495225 is associated with plasma levels 
of HDL-C and its related lipid ratios.

When both PTSD and the polymorphism of GHSR rs495225 were taken into con-
sideration, the TT homozygotes were detected to have lower levels of HDL-C than 
the C allele carriers in the students without PTSD, but higher levels of insulin and 
HOMA-IR in the subjects with PTSD even after the adjustment of age and gender 
and additional adjustment for BMI. Furthermore, the PTSD subjects had lower lev-
els of glucose than the subjects without PTSD in the C allele carriers, but higher lev-
els of TG, TG/HDL-C, insulin and HOMA-IR in the TT homozygotes even after the 
adjustment of age and gender. After the additional adjustment for BMI, the PTSD 
subjects had significantly lower levels of glucose, insulin and HOMA-IR in the C 
allele carriers, and higher levels of TG and TG/HDL-C in the TT homozygotes 
(Table 5). These results indicated that the associations between PTSD and metabolic 
parameters were not only affected by age, gender and BMI, but also influenced by 
GHSR rs495225.

Although the polymorphism of GHSR rs495225 is located within the transmem-
brane domain of the coded protein, it does not alter the amino acid sequence (Liu 
et  al. 2011). The related functions of the encoded protein should not be changed. 
Therefore, other mechanisms such as linkage dysequilibrium with functional poly-
morphisms need to take into account in the underlying mechanism of the effects 
of GHSR rs495225 observed in the present study. Another mechanism can also be 
considered that GHSR rs495225 may change binding capabilities for transcription 
factors, leading to altered expression levels of the protein product.

There were some limitations in the present study. Firstly, the subjects in the 
present study were healthy young students. This needs to take into account for the 
explanation and implication of the results in other populations. Second, plasma lev-
els of GHSR were not measured.
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Conclusion

Taken all above together, the conclusion may be made that there may be some inter-
plays of PTSD with GHSR rs495225 on plasma metabolic parameters, together with 
age, gender and BMI. PTSD subjects had significant higher levels of TG and TG/
HDL-C in the TT homozygotes, but lower levels of glucose, insulin and HOMA-
IR in the C allele carries. The present finding may be one of the explanations for 
the discrepancies of the association of metabolic parameters with PTSD or GHSR 
rs495225 reported before and pave the way to precision medical intervention to 
reduce risks of metabolic diseases in young subjects suffering from PTSD with dif-
ferent genotypes of GHSR rs495225.
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