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Abstract

We conducted a study of alcohol use biomarkers and cognitive performance among 85 veterans

with problematic alcohol use and posttraumatic stress disorder (PTSD). All analyses were adjusted

for demographics, depression, anxiety, and PTSD symptoms. Elevated levels of aspartate

aminotransferase (AST) were associated with worse performance on the Trail Making Test Part A

and Hopkins Verbal Learning Test. Two other biomarkers were not associated with any

neurocognitive measures. Indirect alcohol use biomarkers (e.g., AST) may have a specific role in

identifying those veterans with problematic alcohol use and PTSD who show a change in

psychomotor speed and immediate verbal memory performance.

Keywords
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INTRODUCTION

Cognition is a key area of focus in the field of clinical alcohol research1, 2. Individuals with

alcohol use disorders demonstrate impairments in multiple cognitive domains3–5. Cognitive

impairment, in turn, can impact a range of alcohol-related clinical outcomes, including

response to treatment and rates of relapse and abstinence6–9. Despite the importance of

cognition, screening for cognitive impairment in patients with alcohol use disorders remains
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challenging10–14, as neurocognitive evaluations are typically time-consuming and may not

be feasibly in busy primary care settings15, 16. Therefore, we must identify clinical measures

that can be quickly collected and provide information on cognitive domains in patients with

alcohol use disorders.

Biomarkers of alcohol use may fulfill this role, as many are collected as part of routine

laboratory testing. If biomarkers are associated with cognitive performance, they could serve

as useful clinical tools to identify patients that may benefit from more detailed cognitive

screening. Alcohol use biomarkers are generally divided into indirect and direct

biomarkers17, 18. The indirect biomarkers include alanine aminotransferase (ALT), aspartate

aminotransferase (AST), gamma-glutamyltransferase (GGT), mean corpuscular volume

(MCV), and carbohydrate-deficient transferrin (CDT). Previous research has shown that

several indirect alcohol use biomarkers correlate with cognitive performance in individuals

with alcohol use disorders: ALT19, AST20, GGT21, and MCV22.

However, existing research on the association of these biomarkers and cognitive

performance is limited. A particular area of concern is how they will perform in the setting

of mental health disorders, such as posttraumatic stress disorder (PTSD), that are common

among patients with problematic alcohol use and can lead to particularly poor clinical

outcomes23–26. Problematic alcohol use, defined as consuming 5 or more drinks for men (or

4 or more drinks for women) on any occasion in the past year27, 28, is a significant area of

concern for veterans. For example, one study of 88,235 veterans returning from Operation

Iraqi Freedom found that 12–15% of veterans endorsed problematic alcohol use in the 3 to 6

months following their return from combat29. Problematic alcohol use is well known to be

associated with PTSD. For example, in another study of 287 Iraq and Afghanistan war

veterans, veterans who screened positive for PTSD or depression were 2 times more likely

to report problematic alcohol use compared to veterans who did not screen positive for these

disorders30. Thus, exploring the relationship between alcohol use biomarkers and cognitive

performance is relevant to a significant number of veterans who suffer from problematic

alcohol use and comorbid PTSD.

The relationship between alcohol use biomarkers and cognitive performance in veterans

with PTSD has only been previously explored in one other study, specifically among

veterans with alcohol dependence31. This study found AST and GGT (gamma-

glutamyltransferase) to predict performance on the Hopkins Verbal Learning Test—Revised

%Retention, and GGT predicted performance on the Trails Making Test Part A. To our

knowledge, in veterans with problematic alcohol use and PTSD, no studies have explored

the relationship between alcohol use biomarkers and cognitive performance. In order to

address this concern, we examined data from 85 veterans with comorbid PTSD and

problematic alcohol use that were participating in a larger cohort study. At baseline, this

study included indirect alcohol use biomarkers (MCV, AST, ALT) and several

neurocognitive measures, which allowed us to explore the relationship between biomarkers

and cognitive performance. We hypothesized that elevated levels of the indirect biomarkers

(MCV, AST, ALT) would be associated with worse baseline cognitive performance in

several domains.
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MATERIALS AND METHODS

Participants

Full details of the primary study used for this analysis have already been published32, 33.

Briefly, the Mind Your Heart Study (MYHS) is a prospective cohort study designed to

understand the long-term health effects of PTSD, particularly why veterans with PTSD are

at increased risk for developing cardiovascular disease. Between 2/2008 and 6/2010, 746

outpatients recruited from two San Francisco Bay Area Veterans Affairs medical centers

were enrolled in the cohort and completed a comprehensive baseline health assessment.

Analyses for the present study were restricted to 86 participants who met criteria for PTSD

and problematic alcohol use as described below; one participant with a dementia diagnosis

was also excluded, resulting in the final sample size of 85. All participants provided

informed consent. The study was approved by the Committee on Human Research at the

University of California, San Francisco (UCSF), and the Research and Development

Committee at the San Francisco Veterans Affairs Medical Center (SFVAMC).

Procedures

All participants completed a baseline visit that included a detailed clinical interview,

demographic history, a comprehensive medical history that included assessment of

substance use, a fasting blood draw and neurocognitive testing.

Measures

Blood samples were obtained, and MCV, AST, and ALT levels were measured at the San

Francisco VA Medical Center clinical laboratory. PTSD diagnostic status and current PTSD

symptoms score were assessed with the Clinician-Administered PTSD Scale34 (CAPS; a

structured interview for diagnosing PTSD) and the PTSD Checklist-Civilian Version (PCL-

C)35, 36. Measures of depression and anxiety included the 9-item Patient Health

Questionnaire37 (PHQ-9) and the Hospital Anxiety and Depression Scale38 (HADS). The

10-item physical functioning subscale of the Short Form Health Survey39 assessed

functional status. A standardized questionnaire was used to assess demographics and

medical history32.

Alcohol use was measured with the Alcohol Use Disorder Identification Test-C40 (AUDIT-

C). Only female participants with a score of 3 or greater, and only male participants with a

score of 4 or greater, were included in this analysis. These screening cut-offs, which

approximate a frequency of consuming 5 or more drinks for men (or 4 or more drinks for

women) on any occasion in the past year, have previously been used to define problematic

alcohol use40.

A neurocognitive battery was administered by trained research personnel to assess

psychomotor speed, simple visual attention, task switching, cognitive flexibility, verbal

fluency, category fluency and verbal memory. The Digit Symbol Coding subtest41 of the

Wechsler Adult Intelligence Scale-Revised assessed psychomotor speed, based on the total

number of correctly coded number-symbol pairs. Performance time on the Trail Making

Test42 (TMT) Part A assessed psychomotor speed and simple visual attention and Part B
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assessed task switching and cognitive flexibility. The Benton Controlled Oral Word

Association Test43 (COWAT) assessed verbal fluency. Participants were given 1 minute to

name as many words as possible beginning with L or F, and the mean number of valid L and

F words was used as the outcome. Category fluency44 was assessed by asking participants to

name as many words as possible in the categories of animals and vegetables in 1 minute.

The mean number of valid animals and vegetables was used as the outcome. The Hopkins

Verbal Learning Test-Revised45 (HVLT-R) assessed verbal memory. Scores from Trial 1

(form #5) were used as a measure of immediate verbal recall.

Statistical Analysis

We conducted all analyses using IBM SPSS Statistics version 22 (Armonk, NY). We used z-

scores to assess continuous variables for extreme values (> 3.29 or < −3.29); we adjusted

any extreme values to the next highest value. We initially conducted descriptive analyses on

all variables. For the primary analyses examining the association of biomarkers and

cognitive performance, we used the General Linear Model function in SPSS, where we

selected each neurocognitive measure as the dependent variable and each alcohol use

biomarker (MCV, AST, ALT) as the independent variable. Since this was an exploratory

secondary analysis, we considered p-values < 0.05 as significant. We first conducted an

analysis adjusting for potentially confounding demographic factors: age, sex, education, and

ethnicity. We then conducted a fully-adjusted analysis, which adjusted for: demographics,

PHQ-9 score, HADS score and CAPS score. Since mood symptoms46 and PTSD

symptoms47 and alcohol intake can affect cognition, we felt these were important variables

to include in the fully-adjusted analyses.

RESULTS

The demographic characteristics of participants are presented in Table 1. Most of the

participants in this analysis were men in their mid-50’s, Caucasian, married, and had some

college education. Table 2 describes the clinical features of the participants. A significant

percentage of participants had comorbid hypertension, depression, and anxiety. Table 3

describes the substance use features of the participants. 31.8% of the participants drank 1–2

drinks/day when drinking, 60% of the participants drank alcohol 4–5 times/week in the past

year, 35.3% of participants used marijuana in the past year, and 27.1% of participants

currently smoked cigarettes.

Table 4 reports the raw scores of the 6 neurocognitive measures used for this analysis. Table

5 shows the association of biomarkers and neurocognitive measures from regression models.

In models adjusted for demographics, elevated AST was associated with worse performance

on the Trail Making Test Part A. In models adjusted for demographics and clinical variables,

elevated AST was associated with worse performance on the Trail Making Test Part A and

Trial 1 of the Hopkins Verbal Learning Test. Figures 1 and 2 illustrate the relationship of

AST with Trail Making Test Part A and Trial 1 of the Hopkins Verbal Learning Test in

scatterplot format. AST was not associated with any other neurocognitive measure. MCV

and ALT were not associated with any neurocognitive measures.
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DISCUSSION

In this study of veterans with problematic alcohol use and PTSD, we found that elevated

levels of the indirect alcohol use biomarker AST was associated with worse performance on

measures of psychomotor speed and immediate verbal memory. This association was

independent of demographics, depression, anxiety, and PTSD. AST was not associated with

any other neurocognitive measure. MCV and ALT were not associated with any

neurocognitive measures.

AST may be linked with cognitive performance for several reasons. First, as a marker of

heavy alcohol use, it may correlate with the neurotoxic effects of alcohol. Second, it may

reflect the effects of hepatic dysfunction on cognition. The association of some

neurocognitive measures with AST is consistent with previous research in those who meet

criteria for a full alcohol use disorder20, including in our own previous report31. This study

examined individuals with problematic alcohol use, who may have earlier stages of liver

dysfunction than patients with alcohol use disorders. In this setting, cognitive changes may

be due to the liver starting to fail to catabolize circulating neurotoxins48, and abnormal AST

may help identify patients who could benefit from further testing for cognitive impairment

and counseling about alcohol use.

ALT and MCV were not independently associated with cognitive performance. This may be

due to their differential distribution in body tissues. Whereas ALT is predominantly of

hepatic origin, AST can be found in tissues outside the liver, such as the brain49. Regarding

MCV, though some studies show that erythrocyte volume may impact cognition50, we were

not able to replicate such a finding in this analysis.

This analysis suggests that one of the indirect alcohol use biomarkers, specifically AST, may

serve as an indicator of a subset of patients with problematic alcohol use and PTSD who are

at an increased risk for cognitive impairment. Alcohol use biomarkers are not a substitute for

a comprehensive neurocognitive assessment. Rather, such biomarkers might be used to

identify potential areas of cognitive concern, which would then warrant a referral for a more

comprehensive neurocognitive assessment. One advantage of AST, compared to more

sophisticated alcohol use biomarkers, is that it can be easily ordered in most clinical settings

and is often checked by primary care physicians as a routine screening laboratory measure.

Our analysis of alcohol use biomarkers and cognitive performance has several strengths.

First, we were able to analyze 5 different domains of cognition. Second, we were able to

control for multiple demographic and clinical factors that can affect cognition. Third, the

study sample was from a clinical cohort of outpatients rather than a highly-selected clinical

trial population. Therefore, these findings may be generalizable to other veteran populations.

Finally, this is the first known analysis to explore the relationship between alcohol use

biomarkers and cognitive performance in veterans with comorbid problematic alcohol use

and PTSD. Given several recent studies linking PTSD to cognitive dysfunction51–53, this

high risk group could benefit from improved cognitive screening measures.

Our findings should also be interpreted in light of several limitations. First, the primary

study was not specifically designed to assess the association of alcohol use biomarkers and
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cognitive performance, and therefore it would be important to explore additional biomarkers

in future studies. Second, the sample was naturalistic and included veterans with other

psychiatric comorbidities. Though the inclusiveness of the study helps make the results more

generalizable, it may have contributed to the non-significant findings in Table 5. More

stringent inclusion/exclusion criteria for primary psychiatric disorders and substance use

disorders may help clarify the relationship between alcohol use biomarkers and cognitive

performance in veterans with problematic alcohol use and PTSD in the future. Finally, a

more comprehensive neurocognitive battery evaluating other cognitive domains (e.g.,

attentional bias, impulsivity, decision-making, visuospatial memory) may add further

information on the relationship between alcohol use biomarkers and other cognitive domains

in this population of veterans.

CONCLUSION

This analysis of alcohol use biomarkers and cognitive performance in veterans with

problematic alcohol use and PTSD found that AST may have a specific role in identifying

patients who demonstrate changes in psychomotor speed and immediate verbal memory

performance. Future directions to confirm or refute these findings include the use of a more

complete neurocognitive battery and recruiting a sample with fewer psychiatric

comorbidities.

Acknowledgments

Source of Funding:

The authors alone are responsible for the content and writing of this paper. Dr. Kalapatapu is currently funded by
K23DA034883. Dr. Neylan is currently funded by grants from the National Institute for Mental Health (TCN:
5R01MH073978-04, 5R34MH077667-03) and the Mental Illness Research and Education Clinical Center of the
Department of Veterans Affairs. Dr. Cohen is currently funded by K23HL094765 and a grant from the American
Heart Association.

We gratefully acknowledge the time and contributions of the Mind Your Heart Study participants, staff, and
Investigators, particularly Dr. Mary Whooley.

References

1. Brust JC. Ethanol and cognition: indirect effects, neurotoxicity and neuroprotection: a review. Int J
Environ Res Public Health. 2010; 7:1540–57. [PubMed: 20617045]

2. Field M, Schoenmakers T, Wiers RW. Cognitive processes in alcohol binges: a review and research
agenda. Curr Drug Abuse Rev. 2008; 1:263–79. [PubMed: 19630725]

3. Weiss E, Singewald EM, Ruepp B, Marksteiner J. Alcohol induced cognitive deficits. Wien Med
Wochenschr. 2013 Epub ahead of print.

4. Stavro K, Pelletier J, Potvin S. Widespread and sustained cognitive deficits in alcoholism: a meta-
analysis. Addict Biol. 2013; 18:203–13. [PubMed: 22264351]

5. Mukherjee S. Alcoholism and its effects on the central nervous system. Curr Neurovasc Res. 2013;
10:256–62. [PubMed: 23713737]

6. Noel X, Sferrazza R, Van Der Linden M, Paternot J, Verhas M, Hanak C, Pelc I, Verbanck P.
Contribution of frontal cerebral blood flow measured by (99m)Tc-Bicisate spect and executive
function deficits to predicting treatment outcome in alcohol-dependent patients. Alcohol Alcohol.
2002; 37:347–54. [PubMed: 12107037]

Kalapatapu et al. Page 6

J Addict Dis. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



7. Dick DM, Smith G, Olausson P, Mitchell SH, Leeman RF, O’Malley SS, Sher K. Understanding the
construct of impulsivity and its relationship to alcohol use disorders. Addict Biol. 2010; 15:217–26.
[PubMed: 20148781]

8. Moore SC, Cusens B. Delay discounting predicts increase in blood alcohol level in social drinkers.
Psychiatry Res. 2010; 179:324–7. [PubMed: 20494455]

9. Smith DE, McCrady BS. Cognitive impairment among alcoholics: impact on drink refusal skill
acquisition and treatment outcome. Addict Behav. 1991; 16:265–74. [PubMed: 1663696]

10. Copersino ML, Fals-Stewart W, Fitzmaurice G, Schretlen DJ, Sokoloff J, Weiss RD. Rapid
cognitive screening of patients with substance use disorders. Exp Clin Psychopharmacol. 2009;
17:337–44. [PubMed: 19803633]

11. Shelton MD, Parsons OA. Alcoholics’ self-assessment of their neuropsychological functioning in
everyday life. J Clin Psychol. 1987; 43:395–403. [PubMed: 3597794]

12. Horner MD, Harvey RT, Denier CA. Self-report and objective measures of cognitive deficit in
patients entering substance abuse treatment. Psychiatry Res. 1999; 86:155–61. [PubMed:
10397417]

13. Fals-Stewart W. Ability to counselors to detect cognitive impairment among substance-abusing
patients: an examination of diagnostic efficiency. Exp Clin Psychopharmacol. 1997; 5:39–50.
[PubMed: 9234038]

14. Schrimsher GW, Parker JD, Burke RS. Relation between cognitive testing performance and pattern
of substance use in males at treatment entry. Clin Neuropsychol. 2007; 21:498–510. [PubMed:
17455033]

15. Bates ME, Labouvie EW, Voelbel GT. Individual differences in latent neuropsychological abilities
at addictions treatment entry. Psychol Addict Behav. 2002; 16:35–46. [PubMed: 11934085]

16. Copersino ML, Schretlen DJ, Fitzmaurice GM, Lukas SE, Faberman J, Sokoloff J, Weiss RD.
Effects of cognitive impairment on substance abuse treatment attendance: predictive validation of
a brief cognitive screening measure. Am J Drug Alcohol Abuse. 2012; 38:246–50. [PubMed:
22443860]

17. SAMHSA (Substance Abuse and Mental Health Services Administration). The role of biomarkers
in the treatment of alcohol use disorders. Advisory. 2012; 11:1–48. Accessed at: http://
store.samhsa.gov/shin/content//SMA12-4686/SMA12-4686.pdf.

18. Kalapatapu RK, Chambers R. Novel objective biomarkers of alcohol use: potential diagnostic and
treatment management tools in dual diagnosis care. J Dual Diagn. 2009; 5:57–82. [PubMed:
20582236]

19. Arria AM, Tarter RE, Kabene MA, Laird SB, Moss H, Van Thiel DH. The role of cirrhosis in
memory functioning of alcoholics. Alcohol Clin Exp Res. 1991; 15:932–7. [PubMed: 1789389]

20. Schafer K, Butters N, Smith T, Irwin M, Brown S, Hanger P, Grant I, Schuckit M. Cognitive
performance of alcoholics: a longitudinal evaluation of the role of drinking history, depression,
liver function, nutrition, and family history. Alcohol Clin Exp Res. 1991; 15:653–60. [PubMed:
1928640]

21. Irwin M, Smith TL, Butters N, Brown S, Baird S, Grant I, Schuckit MA. Graded
neuropsychological impairment and elevated gamma-glutamyl transferase in chronic alcoholic
men. Alcohol Clin Exp Res. 1989; 13:99–103. [PubMed: 2564260]

22. Shah S, Weed HG, He X, Agrawal A, Ozer E, Schuller DE. Alcohol-related predictors of delirium
after major head and neck cancer surgery. Arch Otolaryngol Head Neck Surg. 2012; 138:266–71.
[PubMed: 22431871]

23. Fontana A, Rosenheck R, Desai R. Comparison of treatment outcomes for veterans with
posttraumatic stress disorder with and without comorbid substance use/dependence. J Psychiatr
Res. 2012; 46:1008–14. [PubMed: 22743092]

24. McCauley JL, Killeen T, Gros DF, Brady KT, Back SE. Posttraumatic stress disorder and co-
occurring substance use disorders: advances in assessment and treatment. Clin Psychol. 2012;
19:283–304.

25. Carter AC, Capone C, Short EE. Co-occurring posttraumatic stress disorder and alcohol use
disorders in veteran populations. J Dual Diagn. 2011; 7:285–299. [PubMed: 23087599]

Kalapatapu et al. Page 7

J Addict Dis. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://store.samhsa.gov/shin/content//SMA12-4686/SMA12-4686.pdf
http://store.samhsa.gov/shin/content//SMA12-4686/SMA12-4686.pdf


26. Fuehrlein B, Ralevski E, O’Brien E, Jane JS, Arias AJ, Petrakis IL. Characteristics and drinking
patterns of veterans with alcohol dependence with and without post-traumatic stress disorder.
Addict Behav. 2013 Epub ahead of print.

27. Schumm JA, Chard KM. Alcohol and stress in the military. Alcohol Res. 2012; 34:401–7.
[PubMed: 23584106]

28. NIAAA (National Institute on Alcohol Abuse and Alcoholism). Helping patients who drink too
much: a clinician’s guide. Rockville, MD: NIH; 2007. #07-3769Accessed at: http://
pubs.niaaa.nih.gov/publications/Practitioner/CliniciansGuide2005/guide.pdf

29. Milliken CS, Auchterlonie JL, Hoge CW. Longitudinal assessment of mental health problems
among active and reserve component soldiers returning from the Iraq war. JAMA. 2007;
298:2141–8. [PubMed: 18000197]

30. Jakupcak M, Tull MT, McDermott MJ, Kaysen D, Hunt S, Simpson T. PTSD symptom clusters in
relationship to alcohol misuse among Iraq and Afghanistan war veterans seeking post-deployment
VA health care. Addict Behav. 2010; 35:840–3. [PubMed: 20471180]

31. Kalapatapu RK, Delucchi KL, Lasher BA, Vinogradov S, Batki SL. Alcohol use biomarkers
predicting cognitive performance: a secondary analysis in veterans with alcohol dependence and
posttraumatic stress disorder. Mil Med. 2013; 178:974–80. [PubMed: 24005546]

32. Kronish IM, Edmondson D, Li Y, Cohen BE. Post-traumatic stress disorder and medication
adherence: results from the mind your heart study. J Psychiatr Res. 2012; 46:1595–9. [PubMed:
22809686]

33. Turner JH, Neylan TC, Schiller NB, Li Y, Cohen BE. Objective evidence of myocardial ischemia
in patients with posttraumatic stress disorder. Biol Psychiatry. 2013; 74:861–6. [PubMed:
23978403]

34. Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS, Keane TM. The
development of a clinician-administered PTSD scale. J Trauma Stress. 1995; 8:75–90. [PubMed:
7712061]

35. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris CA. Psychometric properties of the PTSD
checklist (PCL). Behav Res Ther. 1996; 34:669–73. [PubMed: 8870294]

36. Ruggiero KJ, Del Ben K, Scotti JR, Rabalais AE. Psychometric properties of the PTSD checklist-
civilian version. J Trauma Stress. 2003; 16:495–502. [PubMed: 14584634]

37. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J
Gen Intern Med. 2001; 16:606–13. [PubMed: 11556941]

38. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. 1983;
67:361–70. [PubMed: 6880820]

39. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care. 1992; 30:473–83. [PubMed: 1593914]

40. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption
questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory care
quality improvement project (ACQUIP). Alcohol use disorders identification test. Arch Intern
Med. 1998; 158:1789–95. [PubMed: 9738608]

41. Wechsler, D. Manual for the wechsler adult intelligence scale-revised. New York: Psychological
Corporation; 1981.

42. Tombaugh TN. Trail Making Test A and B: normative data stratified by age and education. Arch
Clin Neuropsychol. 2004; 19:203–14. [PubMed: 15010086]

43. Ruff RM, Light RH, Parker SB, Levin HS. Benton controlled oral word association test: reliability
and updated norms. Arch Clin Neuropsychol. 1996; 11:329–38. [PubMed: 14588937]

44. Lucas JA, Ivnik RJ, Smith GE, Bohac DL, Tangalos EG, Graff-Radford NR, Petersen RC. Mayo’s
older Americans normative studies: category fluency norms. J Clin Exp Neuropsychol. 1998;
20:194–200. [PubMed: 9777473]

45. Benedict RHB, Schretlen D, Groninger L, Brandt J. Hopkins verbal learning test –revised:
normative data and analysis of inter-form and test-retest reliability. Clin Neuropsychol. 1998;
12:43–55.

46. Roiser JP, Sahakian BJ. Hot and cold cognition in depression. CNS Spectr. 2013; 18:139–49.
[PubMed: 23481353]

Kalapatapu et al. Page 8

J Addict Dis. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://pubs.niaaa.nih.gov/publications/Practitioner/CliniciansGuide2005/guide.pdf
http://pubs.niaaa.nih.gov/publications/Practitioner/CliniciansGuide2005/guide.pdf


47. Qureshi SU, Long ME, Bradshaw MR, Pyne JM, Magruder KM, Kimbrell T, Hudson TJ, Jawaid
A, Schulz PE, Kunik ME. Does PTSD impair cognition beyond the effect of trauma? J
Neuropsychiatry Clin Neurosci. 2011; 23:16–28. [PubMed: 21304135]

48. Tarter RE, Moss H, Arria A, Van Thiel D. Hepatic, nutritional, and genetic influences on cognitive
process in alcoholics. NIDA Res Monogr. 1990; 101:124–35. [PubMed: 2092211]

49. Pratt, DS. Liver chemistry and function tests. In: Feldman, M.; Friedman, LS.; Brandt, LJ., editors.
Sleisenger and Fordtran’s gastrointestinal and liver disease. Philadelphia, PA: Saunders Elsevier;
2010.

50. Danon D, Bologna NB, Gavendo S. Memory performance of young and old subjects related to
their erythrocyte characteristics. Exp Gerontol. 1992; 27:275–85. [PubMed: 1639150]

51. Schuitevoerder S, Rosen JW, Twamley EW, Ayers CR, Sones H, Lohr JB, Goetter EM, Fonzo GA,
Holloway KJ, Thorp SR. A meta-analysis of cognitive functioning in older adults with PTSD. J
Anxiety Disord. 2013; 27:550–8. [PubMed: 23422492]

52. Lagarde G, Doyon J, Brunet A. Memory and executive dysfunctions associated with acute
posttraumatic stress disorder. Psychiatry Res. 2010; 177:144–9. [PubMed: 20381880]

53. Scott Mackin R, Lesselyong JA, Yaffe K. Pattern of cognitive impairment in older veterans with
posttraumatic stress disorder evaluated at a memory disorders clinic. Int J Geriatr Psychiatry.
2012; 27:637–42. [PubMed: 22213461]

Kalapatapu et al. Page 9

J Addict Dis. Author manuscript; available in PMC 2015 April 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1.
Scatterplot of Trail Making Test Part A versus Aspartate Aminotransferase.
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Figure 2.
Scatterplot of Hopkins Verbal Learning Test Trial #1 versus Aspartate Aminotransferase.
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Table 3

Substance Use Features of Participants with Problematic Alcohol Use and Posttraumatic Stress Disorder (n =

85).

Mean (S.D.) or %a

Currently smokes cigarettes 27.1%

1–10 years smoked cigarettes 23.5%

11–20 years smoked cigarettes 11.8%

21–30 years smoked cigarettes 12.9%

>30 years smoked cigarettes 24.7%

Drank alcohol monthly or less in past year 5.9%

Drank alcohol 2–4 times/month in past year 9.4%

Drank alcohol 2–3 times/week in past year 18.8%

Drank alcohol 4–5 times/week in past year 60%

1–2 alcoholic drinks/day when drinking 31.8%

3–4 alcoholic drinks/day when drinking 16.5%

5–6 alcoholic drinks/day when drinking 10.6%

7–9 alcoholic drinks/day when drinking 12.9%

Had 6+ alcoholic drinks <monthly in the past year 31.8%

Had 6+ alcoholic drinks monthly in the past year 12.9%

Had 6+ alcoholic drinks weekly in the past year 10.6%

Had 6+ alcoholic drinks daily/almost daily in the past year 16.5%

Past year use of illicit drugs 10.6%

Past year use of marijuana 35.3%

Days of Marijuana use in last 30 days 30 [n = 2]

Days of Methadone use in last 30 days 30 [n = 1]

Days of Other opiate use in last 30 days 24.5 (11) [n = 4]

Days of Sedative use in last 30 days 30 [n = 1]

a
Sample sizes in some cells vary due to missing data points.
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