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Abstract

Alcohol use disorder (AUD) is debilitating and costly. Identification and better understanding of 

risk factors influencing the development of AUD remain a research priority. Although early life 

exposure to trauma increases the risk of adulthood psychiatric disorders, including AUD, many 

individuals exposed to early life trauma do not develop psychopathology. Underlying genetic 

factors may contribute to differential sensitivity to trauma experienced in childhood. The 

hypothalamic-pituitary-adrenal (HPA) axis is susceptible to long-lasting changes in function 

following childhood trauma. Functional genetic variation within FKBP5, a gene encoding a 

modulator of HPA axis function, is associated with the development of psychiatric symptoms in 

adulthood, particularly among individuals exposed to trauma early in life. In the current study, we 

examined interactions between self-reported early life trauma, past-year life stress, past year 

trauma, and a single nucleotide polymorphism (rs1360780) in FKBP5 on heavy alcohol 

consumption in a sample of 1845 college students from two university settings. Although we 

found no effect of early life trauma on heavy drinking in rs1360780*T-allele carriers, 

rs1360780*C homozygotes exposed to early life trauma had a lower probability of heavy drinking 
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compared to rs1360780*C homozygotes not exposed to early life trauma (p < 0.01). The absence 

of an interaction between either current life stress or past year trauma, and FKBP5 genotype on 

heavy drinking suggests that there exists a developmental period of susceptibility to stress that is 

moderated by FKBP5 genotype. These findings implicate interactive effects of early life trauma 

and FKBP5 genetic variation on heavy drinking.
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Introduction

Alcohol use disorder (AUD) is a complex psychiatric disorder affecting 14% of the U.S. 

population during a one-year period (Grant et al. 2015). Identifying factors that influence the 

development of AUD would be beneficial in the identification of at-risk individuals and 

potentially in the treatment of those with AUDs. A meta-analysis of 124 studies showed that 

abuse and neglect experienced during childhood are significantly associated with depressive 

disorders, substance use, suicide attempts, and risky sexual behavior (Norman et al. 2012). 

Early life stress is also associated with greater alcohol intake and abuse (Enoch 2011), which 

predispose to alcohol-related health problems and the development of AUD (Kranzler et al. 

1990, Dawson et al. 1993).

Data from the National Comorbidity Survey indicate that childhood adversity including 

childhood maltreatment, trauma, and stressful life events such as divorce or death of a family 

member are reported by 45% of subjects with childhood-onset and 26–32% of individuals 

with adult-onset psychiatric illness (Green et al. 2010). Yet many individuals exposed to 

early trauma/stress do not develop psychopathology. Genetic variation is likely one 

contributor to between-person sensitivity or resilience to adverse outcomes following 

trauma. Exposure to childhood stressful events can influence reactivity of the hypothalamic-

pituitary-adrenal (HPA) axis, effects that can persist into adulthood, as shown by 

dysregulated release of the glucocorticoid cortisol to acute stress in adults with a history of 

physical or emotional adversity (Lovallo et al. 2012).

Termination of the HPA axis stress response is in part regulated via the glucocorticoid 

receptor (GR), a ligand-activated transcription factor located in the cytosol with a high 

affinity for glucocorticoids (de Kloet et al. 2005, Schatzberg et al. 2014). The FK506 

binding protein (FKBP5), a glucocorticoid receptor chaperone encoded by FKBP5, has been 

implicated in the pathophysiology of HPA axis abnormalities associated with traumatic 

events. FKBP5 protein functions to down regulate GR activity by reducing GR binding 

affinity for cortisol and inhibiting GR translocation into the nucleus (Grad et al. 2007, 

Stechschulte et al. 2011, Sinclair et al. 2013). Hormone-activated GR binding at regulatory 

sites in the FKBP5 gene leads to an upregulation of FKBP5 mRNA expression, creating an 

ultra-short feedback loop reducing GR signaling and prolonging the HPA axis response 

(Binder 2009). Polymorphisms in a 100-kb haplotype block in FKBP5 have been associated 

with risk of several stress-related conditions, including post-traumatic stress disorder 
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(PTSD) (Binder et al. 2008), anxiety, depression (Binder et al. 2004, Lavebratt et al. 2010), 

addictive disorders (Huang et al. 2014, Levran et al. 2014, Jensen et al. 2015) and aggressive 

or violent behavior (Bevilacqua et al. 2012). The most widely studied tag SNP for this 

haplotype block, rs1360780 is located in an enhancer region adjacent to a GR binding site 

and has been shown to have functional effects using reporter gene assays (Klengel et al. 

2013). The minor T-allele of the rs1360780 polymorphism has been associated with 

increased psychiatric symptoms in trauma exposed subjects (Zannas and Binder 2014) and 

greater FKBP5 mRNA and protein levels (Binder et al. 2004, Binder 2009), which are 

thought to contribute to an altered HPA axis regulation. The association of FKBP5 genotype 

and several stress-related psychiatric symptoms depends on an interaction of genotype with 

exposure to stressful life events (Zannas and Binder 2014). FKBP5 rs1360780 genotype 

interacts with early life but not adult trauma in predicting PTSD symptom severity (Binder 

et al. 2008, Xie et al. 2010, Boscarino et al. 2012), while FKPB5 genotype interactions with 

both early and lifetime stress have been reported for depression and suicide (Roy et al. 2010, 

Appel et al. 2011, Zimmermann et al. 2011). In the setting of childhood adversity, 

rs1360780 is associated with epigenetic effects including altered chromatin looping and 

DNA methylation patterns in FKBP5 (Klengel et al. 2013), changes that alter the expression 

of the FKBP5 gene. Interactions between rs1360780 genotype and self-reported childhood 

emotional neglect predicted greater threat-related amygdala reactivity in adolescents (White 

et al. 2012) and adults (Holz et al. 2014), suggesting that FKBP5 genotype × environment 

interactions may lead to developmental changes in neural circuits.

Importantly, the specific effects of FKBP5 genotype and its interaction with stress may vary 

by developmental age. For example, in a study of 310 infants, the rs1360780 minor T-allele 

was associated with greater cortisol reactivity to minor stress (Luijk et al. 2010). However, 

no main effect of genotype was observed on salivary cortisol levels in a sample of 368 

healthy adults in response to the Trier Social Stress Test (TSST) (Mahon et al. 2013). In 

contrast, among young adults homozygous for the rs1360780*C allele, those with greater 

childhood adversity showed an attenuated cortisol response to the TSST. In this study, 

cortisol response to the TSST in T-allele carriers did not differ as a function of childhood 

adversity (Buchmann et al. 2014), which suggests that the C/C genotype confers protective 

effects on the stress-activated cortisol response in adults with a history of childhood 

adversity.

Prior studies examining FKBP5 genotype × life stress interactions have reported greater 

depressive or PTSD symptoms in subjects with a history of life trauma carrying the 

rs1360780 T-allele, and frequently have referred to the rs1360780 T-allele as the risk allele. 

However, the design and results of these studies do not allow for a clear distinction as to 

whether the observed differences in symptomology between genotypes is due to a 

protective-effect of the rs1360780 C/C genotype or a risk-effect of the T-allele. In the 

present study, we investigated the association of heavy drinking in a large sample of African-

American and Caucasian college students based on self-reported early life trauma, past year 

trauma or negative life events, and the FKBP5 rs1360780 polymorphism. Examining a 

sample of college students who regularly use alcohol offers the potential to distinguish 

between a protective vs. risk effect of the rs1360780 polymorphism in the setting of prior 

life trauma, since a basal level of alcohol consumption in this sample is expected.
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Methods

Participants and procedure

Undergraduate students were recruited over a 4-year period (2008–2011) at a Historically 

Black College and University (HBCU) and a New England Public University (NEPU) 

through the psychology research pool and campus-wide broadcast emails and flyers inviting 

students to participate in a study about daily experiences and health-related behavior. Only 

students who reported drinking alcohol at least twice in the past month and had not received 

treatment for alcohol use were eligible. Participants were compensated for their participation 

after giving written, informed consent to participate in the protocol, which was approved by 

the institutional review boards at each university.

Participants at both universities first completed a web-based baseline survey that included 

various demographic questions, an inventory of traumatic life experiences prior to age 6 and 

negative life events in the past year. Participants also provided saliva samples for 

genotyping. Approximately two weeks after completing the baseline survey, students 

accessed a secure website each day from 2:30–7:00 PM for 30 days to complete a brief 

survey. This time window was selected to coincide with most undergraduate students’ 

naturally occurring end of the school day, but before typical evening activities began 

(including drinking). Relevant to our study, participants were asked each day to report on 

their alcohol consumption for the past evening (i.e., after the previous day’s survey) and for 

the current day. If a daily survey was not completed, the participant was reminded by email 

to complete the next day's survey. Further, if participants failed to complete a daily survey, 

during their next login, the server queried them about their drinking during missed intervals 

lasting up to 3 days.

The baseline sample at the HBCU consisted of 741 students of which 53% were female and 

96% were self-identified African Americans (or of African descent). Three-hundred three 

individuals were excluded from analysis because they did not complete at least 15 daily 

diary entries or had missing data in the relevant baseline measures, resulting in a final 

sample of 438 students (58% female and 97% of African descent) for analysis with a mean 

age of 20.0 years (SD = 1.6). Approximately half of the students (48%) were freshmen or 

sophomores.

The baseline NEPU sample consisted of 1815 students, 78.0 of which were self-identified 

European Americans, 11.0% Asians, 4.5% African Americans, 4.0% Hispanic/Latinos and 

2.8% misc./other. Exclusion of Asian and misc./other students resulted in a sample of 1600. 

An additional 190 participants were excluded because they did not complete at least 15 daily 

diary entries and 3 additional students had missing data in the relevant baseline measures, 

resulting in 1407 participants eligible for analysis. The final NEPU sample was 55% female; 

had a mean age of 19.2 years (SD = 1.4); was comprised mostly of freshmen or sophomores 

(74%), and was predominantly Caucasian [91% (n = 1278)], with small percentages of 

African Americans [4.9% (n = 69)] and Hispanics/Latinos [4.3% (n = 60)]. Across both 

universities, we had a final sample of 1845 (54% female).
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Attrition analysis comparing included vs. excluded participants in the HBCU sample 

indicated that excluded individuals were more likely to be male, χ2(1) = 13.41, p < 0.001, 

and fewer excluded subjects reported early life trauma (27%) compared to individuals in the 

final sample (36%), χ2(1) = 6.01, p = 0.014 (phi = .09). The HBCU final sample did not 

differ from excluded individuals on age, t(735) = 1.02, p = 0.31, FKBP5 genotype, χ2(1) = 

0.207, p = 0.65, or number of past year stressful life events, t(717)=1.30, p = 0.19. Results 

for the NEPU sample indicated that excluded individuals were also more likely to be male, 

χ2(1) = 23.7, p < 0.001, and or racial/ethnic minorities, χ2(2) = 7.0, p = 0.03. The final 

NEPU sample did not differ from excluded individuals on age, t(1595) = .008, p = 0.99, 

FKBP5 genotype, χ2(1) = 0.147, p = 0.702, or early life trauma χ2(1) = 0.013, p = .909. 

However, excluded individuals reported more past year stressful life events (M = 4.55, SD = 

3.14) compared to individuals in the final sample (M = 3.94, SD = 2.74), t(717)=1593, p = 

0.005 (Cohen’s d = .22).

Measures

Alcohol use was measured each day by asking participants how many standard alcoholic 

drinks they consumed the previous night (from 0 to 15, in one-drink increments, with an 

option for >15) as well as the number of drinks, if any, they had consumed on the day of the 

diary report up to the time of logging their response. Students were reminded each day that a 

standard drink was defined as one 12-oz can or bottle of beer or wine cooler, one 5-oz glass 

of wine, or a 1.5-oz measure of liquor straight or in a mixed drink. If participants missed a 

daily survey, they were queried about drinking levels on the missed day(s) on the next 

occasion that they logged into the system (before they completed that day’s survey); 16.4% 

and 10.7% of the daily records were backfilled in the HBCU and NEPU samples, 

respectively. We created full-day records by combining daytime and previous night reports 

from consecutive days. Lagging values from subsequent day reports allowed us to use only 

29 of the reporting days. The number of drinks was summed across daytime and evening 

drinking and was converted into a binary heavy drinking indicator [4+ drinks for women and 

5+ drinks for men (NIAAA 2004)].

Early life trauma (ELT) and past year trauma (PYrTrau) was measured using the 

Traumatic Events Screening Inventory (TESI)-Adult Screening version 3.2 (Ford et al. 

2013). The TESI has 18 items that assess various types of trauma that would qualify for the 

DSM-IV-TR PTSD diagnosis criterion A1, with a total of nine trauma categories (i.e., 

accident/illness/disaster, traumatic loss/separation, traumatic physical victimization, 

traumatic sexual victimization, traumatic emotional victimization, traumatic domestic 

violence victimization, witnessed trauma, traumatic war victimization, and other traumatic 

event). The TESI questionnaire has a high inter-rater reliability score, with kappas between 

0.73 –1.00, a retest reliability over a 2–4 month period between 0.50 – 0.70 (kappa), and 

validity coefficients for predicting PTSD symptom severity of 0.26 – 0.32 (Ford et al. 1997, 

Ford et al. 2000, Ford et al. 2013). Participants indicated (yes/no) as to whether the events 

occurred before age 6, between ages 6 and 17, above age 18 or within the past year. We 

created a binary variable reflecting the occurrence of at least one early life traumatic event 

prior to age 6 or during the past year, as only a small proportion of subjects reported more 
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than one traumatic event in either period with 94% of subjects reporting either 0 or 1 

traumatic event prior to age 6.

Past year stressful life events were measured using the Life Events Scale for Students 

(LESS; (Linden 1984), an empirically derived inventory of common life events adapted from 

the Social Readjustment Rating Scale (Holmes et al. 1967) for use with college students. In 

this checklist, students indicated which stressful life events from a list of 36 they 

experienced during the past year (e.g., broke up with boy/girlfriend, failed a course, family 

health problems, financial problems). The LESS questionnaire has a high test-retest 

reliability, with Clements et al. (1996) reporting high consistency of individual events one 

and six months after initial testing. For the current study, we used the 25 unambiguously 

negative items selected by Covault et al. (2007) in a prior sample examining college student 

drinking. Students were asked which of the events occurred in the past year; we created a 

composite by summing the number of endorsed events with the average student reporting 

between 4 and 5 past year negative events.

Genotyping

DNA was extracted from saliva samples using the Oragene DNA salivary extraction kit 

(DNA Genotek, Kanata, Ontario, Canada) per the manufacturer’s instructions. The FKBP5 
SNP rs1360780 was genotyped using an Applied Biosystems TaqMan Assay On-Demand 

probe and primer set (C_8852038_10) with Universal Master Mix II (Life Technologies, 

Carlsbad, CA) per the manufacturer’s instructions. We used 10µL PCR amplification 

reactions containing 1µL DNA that were run in 96-well plates with the following PCR 

conditions: 95° for 10 minutes, followed by 40 cycles of 95° for 15 seconds and 60° for 60 

seconds. Post-PCR fluorescent plate reads were carried out on an Applied Biosystems 7500 

instrument and analyzed using Applied Biosystems TaqMan Genotyper software. 10% of the 

samples were repeated with complete concordance. Genotypes for each racial/ethnic group 

were in Hardy Weinberg equilibrium (p = 0.93; 0.26 and 0.39 respectively for European 

American, African American and Hispanic groups). The minor allele frequency (MAF) was 

higher in the African American subject group (0.38; χ2 = 19.6, df=2, p < 0.001) compared 

with the European American (0.31) or Hispanic (0.29) groups consistent with MAF reported 

in the 1000 genomes data set for this SNP (European ancestry 0.29 and African ancestry 

0.39). The rs1360780genotype counts were as follows: European American C/C = 611, C/T 

= 547, T/T = 121; African American C/C = 184, C/T = 249, T/T = 68; Hispanic/Latino; C/C 

= 34, C/T = 24, T/T = 7. The overall sample genotype frequencies were CC =0.449, CT = 

0.444, and TT = 0.106 with a minor T-allele frequency of 0.33.

Data analysis

All statistical analyses were conducted using SPSS software v21 (IBM, Armonk, NY). We 

used generalized estimating equations (GEE) to model the additive and interactive effects of 

early-life trauma, past-year negative life events, and the main and interactive effects of 

FKBP5 rs1360780 genotype and either early-life trauma or past-year negative life events to 

predict heavy drinking days. Given the binary nature of the primary outcome variable (heavy 

drinking day: present/absent), we specified a logit link and binomial error distribution and an 

unstructured working matrix. Predictors were entered in 2 blocks: main effects and 2-way 
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interactions. Values shown in the tables reflect effects for the block of entry (i.e., without the 

subsequent blocks included). FKBP5 rs1360780 genotype was collapsed into binary 

predictors (minor T-allele carrier vs. C/C individuals) due to the relatively small cell sizes 

for TT trauma exposed students (n=52). Data from both universities were combined into one 

sample. We controlled for school (0 = HBCU, 1 = NEPU), weekly variation in drinking by 

including a weekday-weekend contrast (weekdays = 0, weekend = 1), ethnicity (with 2 

dummy codes comparing African descent and Latino/Hispanic with Caucasian [the 

reference group coded 0]), sex, age, and year in school (with 3 dummy codes comparing 

each year with freshmen [the reference group coded 0]).

Results

Descriptive statistics

We had daily drinking reports on 12,489 days (28.5 days per person) in the HBCU sample 

and 39,906 days (28.4 days per person) in the NEPU sample. Overall, we had 52,395 

person-days for analysis nested within 1845 participants. Mean percentage of days with any 

drinking reported (i.e., averaged across all participants) in the HBCU and NEPU samples, 

respectively were 25.8% (SD = 18.2%) and 20.6% (SD = 14.9%) and for heavy drinking 

days were 11.6% (SD = 13.2%) and 13.1% (SD = 12.3%). Early-life traumatic events were 

reported by 35.5% and 21.4% of participants in the HBCU and NEPU samples, respectively. 

Relatively few subjects (6%) reported more than 1 early-life traumatic event. The mean 

number of stressful life events in the past year was 5.66 (SD = 3.65) in the HBCU sample 

and 3.94 (SD = 2.74) in the NEPU sample. FKBP5 rs1360780 genotype was unrelated to 

ELT (χ2(1) = 2.72, p = 0.099) and past year trauma (χ2(1) = 1.36, p = 0.51), but was weakly 

related to recent negative life events (t(1843) = 2.07, p = 0.038), with C/C participants 

reporting fewer events (M= 4.19, SD = 2.95) compared to T-allele carriers (M = 4.49, SD = 

3.16).

Models predicting heavy drinking days

Table 1 shows the results for the GEE model predicting heavy drinking days. In block 1 

neither ELT nor FKBP5 genotype were associated with heavy drinking, but recent life stress 

was a significant predictor, with higher levels of past-year negative events associated with a 

greater probability of heavy drinking. In block 2, only the interaction between FKBP5 
genotype and ELT was significant, the form of which is shown in Figure 1. Follow-up 

probing of the interaction indicated a non-significant effect of early life trauma on heavy 

drinking in FKBP5 rs1360780 T-allele carriers (B = 0.10, SE = 0.09, p = 0.29, 95%CI: −.08 

to .278, OR = 1.25). In contrast, ELT had a significant effect on heavy drinking in FKBP5 
rs1360780 C/C participants, such that C/C participants reporting a positive history of early 

life trauma had a lower frequency of heavy drinking (B = −0.44, SE = 0.11, p = 0.003, 

95%CI: −.65 to −.23, OR = .39). Further probing of the interaction revealed that among 

participants with no ELT, rs1360780 T-allele carriers were not different from rs1360780 C/C 

participants in terms of heavy drinking (B = −0.13, SE = 0.07, p = 0.057, 95%CI: −.26 to .

004, OR = .88). In contrast, among participants reporting ELT, rs1360780 T-allele carriers 

reported higher levels of heavy drinking compared to rs1360780 C/C participants (B = 0.41, 

SE = 0.12, p = 0.001, 95%CI: .17 to .66, OR = 1.51).
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As recommended by Keller (2014), in order to rule out the possible confounding interactive 

effects of the covariates with regard to the FKBP5 genotype × ELT interaction, we estimated 

a model that included all of the product terms between the covariates (ethnicity, college, age, 

sex and year in school) and both FKBP5 genotype and ELT. None of the covariate 

interactions were significant (all p’s > 0.12), and importantly the coefficient for the FKBP5 
genotype × ELT interaction (B = .55, SE = 0.15, p <.001) was not altered with all of the 

covariate interactions included in the model.

We also examined several supplemental models to better understand the findings. First, we 

re-estimated the model using the 3-level FKBP5 rs1360780 genotype instead of the binary 

coding described above. Specifically, we used two Helmert contrasts to code for genotype: 

the first contrast was C/C coded 2 and t-carriers coded −1 and the second contrast was T/T 

coded 1, C/T coded −1 and C/C coded 0. The second contrast allowed us to examine 

whether the effect of ELT differed across C/T and T/T individuals. Results indicated that 

only the first contrast interacted with ELT (B = −0.16, SE = 0.05, p = 0.002, 95%CI: −.26 to 

−.06), the form of which was identical to that shown in Figure 1. The contrast comparing 

C/T and T/T individuals did not interact with ELT (B = −0.06, SE = 0.11, p = 0.57, 95%CI: 

−.26 to .06).

Next, we re-estimated the model predicting the number of drinks as opposed to the binary 

heavy drinking outcome (using a log link and negative binomial error distribution and an 

unstructured working matrix). The results were essentially the same, with a significant 

interaction between FKBP5 rs1360780 genotype and ELT (B = .448, SE = .119, p <.001, 

95%CI: .214 to .682). Specifically, we found a non-significant effect of ELT on drinking in 

FKBP5 rs1360780 T-allele carriers (B = 0.15, SE = 0.08, p = 0.054, 95%CI: −.002 to .304), 

but a significant effect of ELT on heavy drinking in FKBP5 rs1360780 C/C participants (B = 

−0.30, SE = 0.09, p = 0.001, 95%CI: −.49 to −.12) with C/C participants reporting a positive 

history of ELT drinking less.

Finally, to further probe the importance of timing of traumatic experiences for the interaction 

with FKBP5 genotype in predicting heavy drinking, we replaced past year negative life 

events (LESS) with presence or absence of trauma during the past year (TESI). Past year 

traumatic events were reported by 39% and 29% of participants in the HBCU and NEPU 

sample, respectively. In contrast to early life trauma, presence of a past year traumatic event 

did not interact with FKBP5 rs1360780 genotype in predicting probability of heavy drinking 

(B = 0.05, SE = 0.14, p = 0.76, 95%CI: −.24 to .33, OR = 1.05).

Discussion

In the current study we examined heavy drinking, a risk factor for alcohol-related health 

problems and the development of alcohol use disorder (Kranzler et al. 1990, Dawson et al. 

1993), in 1845 participants from two universities as a function of FKBP5 rs1360780 

genotype. We found no main effect of FKBP5 rs1360780 genotype on the probability of 

heavy drinking but found a significant interaction effect of FKBP5 genotype and early-life 

trauma on the probability of heavy drinking in students of African or European ancestry. In 

contrast, we did not see an interaction of genotype with the number of past-year negative life 
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events or the presence of a past year traumatic experience in predicting heavy drinking. 

These findings are in agreement with prior research reporting no main effect of FKBP5 
genotype, but a genotype × early-life trauma interaction effect on the subsequent occurrence 

of psychiatric symptoms (Zannas and Binder, 2014). Our results complement previous 

findings in relation to gene by environment effects of FKBP5 and early-life trauma and 

expand them to include a link between these factors and heavy drinking in young adults.

Previous work has implicated the FKBP5 rs1360780 minor T-allele as a risk allele for 

psychiatric symptoms in individuals exposed to early life trauma. We observed that the 

frequency of heavy drinking days did not differ by rs1360780 genotype in the absence of 

early life trauma. Furthermore, we did not observe a significant difference in the frequency 

of heavy drinking days comparing T-allele carriers exposed to early life trauma and those 

without a history of early adversity. Rather, we observed a lower frequency of heavy 

drinking days among rs1360780 C-allele homozygotes that had been exposed to childhood 

trauma compared to those without a positive history. This result suggests that individuals 

with the FKBP5 rs1360780 C/C genotype who experience early adversity may be protected 

from heavy drinking behavior as young adults.

Resilience, defined as an individual’s ability to adapt successfully to adversity, is an active 

process involving changes at the molecular level that result in normalization of biological 

and behavioral functions in the setting of stress (Russo et al. 2012). Resilience develops in 

approximately 10–25% of maltreated children (Walsh et al. 2010). The biological 

mechanisms leading to resilience in some children but not others exposed to early-life 

trauma are not understood but likely involve interactions between the type and timing of 

trauma/adversity and genetic variation, epigenetic responses, social supports and 

psychological factors. Related to our finding, Buchmann et al. (2014) examined the 

interaction between FKBP5 rs1360780 genotype and early life trauma on cortisol increases 

following the Trier Social Stress Test (TSST) in healthy young adults. They found that a 

history of early life trauma interacted with the FKBP5 rs1360780*C/C genotype to moderate 

TSST-induced increases in cortisol levels (Buchmann et al. 2014). This group also reported 

that higher levels of self-reported childhood emotional neglect were associated with reduced 

threat-related amygdala reactivity in rs1360780*C/C homozygotes (Holz et al. 2014). 

Interestingly, polymorphisms in the HPA axis-related gene encoding the corticotropin 

releasing hormone receptor 1 (CRHR1) have been shown to be protective with respect to 

effects of early-life trauma on the development of depression in adulthood (Bradley et al. 

2008, Polanczyk et al. 2009, Grabe et al. 2010, Laucht et al. 2013). Similarly, functional 

genetic variation in the NPY gene, which encodes the anxiolytic neuropeptide Y, has been 

implicated in resiliency to stress (Zhou et al. 2008), and higher plasma levels of 

neuropeptide Y promote resilience to PTSD in combat-exposed veterans (Yehuda et al. 

2006). Neuropeptide Y has also been implicated as protective from greater alcohol 

consumption in stress-exposed primates (Lindell et al. 2010). Although the drinking motives 

potentially linking the interactive effects of early-life stress and FKBP5 genotype on the 

frequency of heavy drinking in college students are not clear, the emerging literature on the 

effects of FKBP5 genotype suggest that they may relate to developmental effects of early-

life stress × genotype interactions on hormonal stress response regulation (Buchmann et al. 
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2014) and/or developmental effects on neural systems related to threat/stress reactivity 

(White et al. 2012, Holz et al. 2014).

Strengths of the current study include: i) a large sample that was diverse in gender, race/

ethnicity, and socioeconomic background, ii) self-reporting of alcohol consumption near its 

real-time occurrence, thus limiting recall error and bias, and iii) the examination of both the 

number of drinks per occasion as well as the frequency of heavy drinking in college 

students, which is a public health concern. We chose to examine the frequency of heavy 

drinking days as a primary outcome, as opposed to the number of standard drinks per day, as 

heavy drinking in college students has been associated with increased negative 

consequences, including academic, legal, and interpersonal problems (Engs et al. 1988, 

Wechsler et al. 1994). Furthermore, there is the potential for the pattern of heavy drinking to 

persist into adulthood (Schulenberg et al. 1996, Gotham et al. 1997, Schulenberg et al. 

2002), which may increase risk for developing AUD. Weaknesses of the study include: i) the 

retrospective self-reporting of both early-life trauma and past-year life stress via 

questionnaire, ii) the variable attrition between the two study sites, iii) differences between 

included and excluded individuals regarding proportion reporting early life trauma (HBCU) 

or number of past year stressful life events (NEPU), and iv) the lack of distinction between 

the proportion of heavy drinking related to stress vs. social enhancement or emotion-related 

drinking. Because the frequency of stress-related drinking was not well defined, it is unclear 

whether FKBP5 genotype interacts with early-life trauma to produce differences in coping-

related drinking or social-related activities in the college student sample examined. Recent 

reviews of the gene × environment interaction research literature have raised concerns that 

many studies have been underpowered, that there may be a publication bias where only 

significant interactions are reported, and that there has been a failure to replicate significant 

findings in many cases (Duncan et al. 2011, Dick et al. 2015). While these limitations must 

be considered when interpreting the results from our study, it is important to note that while 

other studies have attempted to identify novel gene × environment interactions, we chose to 

examine the widely-studied FKBP5 gene, which has reproducibly been reported to interact 

with stress to predict psychopathology (Zannas et al. 2014). Additionally, our study has 

more than five times the median sample size of the analysis conducted by Duncan et al. 

(2011) of 103 gene × environment studies. Notwithstanding, it is important to acknowledge 

the limitations of gene × environment interaction studies outlined above, and suggest that the 

research community attempt to replicate our findings to confirm the interactive effects of the 

FKBP5 rs1360780 polymorphism and early life trauma on heavy alcohol consumption.

In conclusion, we found that the FKBP5 rs1360780*C/C genotype interacts with self-

reported history of early-life trauma to predict fewer days of heavy alcohol consumption in 

young adult college students. To our knowledge, this is the first study to implicate 

interactions between early life trauma and variation in FKBP5 with alcohol consumption. 

Importantly, these results are consistent with the assignment of risk and protective alleles at 

this locus with prior reports identifying interactions of rs1360780 with childhood trauma on 

risk of PTSD and depression.
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Figure 1. Interactive effect of FKBP5 rs1360780 and early life trauma in predicting heavy 
drinking
Daily self-reports of alcohol consumption in a diverse sample of 1845 college students 

revealed no significant effect of early life trauma on the probability of heavy drinking in 

carriers of the FKBP5 rs1360780*T-allele (B = −0.23, SE = 0.14, p = 0.51, OR = 1.25). In 

contrast, a significant effect of early life trauma on the probability of heavy drinking was 

observed in FKBP5 rs1360780*C/C genotype individuals (B = −0.29, SE = 0.15, p = 0.003, 

OR = 0.747). The depicted probability of heavy drinking were calculated with the levels for 

covariates held at their mean. Number of participants within each group is depicted in each 

bar. (** p < 0.01, NS = not significant).
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