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Purpose: Few empirical studies have investigated hematological parameters among people

with a heroin use disorder. This study explores the prevalence of macrocytosis and associated

factors among patients with heroin use disorder who were entering methadone maintenance

treatment (MMT) in Taiwan.

Patients and methods: In this cross-sectional study, hematological parameters were

measured and the prevalence of macrocytosis was assessed in a sample of 958 patients

with a heroin use disorder entering the MMT program at Tsaotun Psychiatric Center in

Taiwan. The demographic characteristics, heroin-related issues, other substance use history,

and other clinical variables were analyzed. Univariate analysis was used to assess the

association of all variables. Multivariable logistic regression was used to identify the

relationship between the significant factors and macrocytosis.

Results: The study found that nearly one-fifth (19.5%) of the participants had macrocytosis.

Older age, longer duration of heroin use, and more days of alcohol use within the previous

month were associated with macrocytosis.

Conclusion: We found that concurrent use of alcohol was an important factor related to

macrocytosis among people with a heroin use disorder. The prevalence of macrocytosis

indicated that alcohol use is common among this population. It is suggested that policies and

practices regarding alcohol use should be addressed within methadone maintenance

programs.

Keywords: addiction, opioid dependence, substitution treatment, megalocytes

Introduction
Globally, it is estimated that 13.5 million people take opioids, including 9.2 million

who use heroin.1 The World Health Organization estimated that 0.7% of the global

burden of disease in 2004 was due to opioid and cocaine use, with the social cost of

illicit substance use being in the region of 2% of the GDP in those countries which

have measured it.2 About 30% of the countries reported the availability of opioid

agonist pharmacotherapy for the maintenance treatment of opioid dependence in

2008.3 In Taiwan, methadone maintenance therapy (MMT) was commenced in

2006. Hematological parameters of patients with heroin use disorder were investi-

gated while the subject was attending the MMT program in Taiwan. Enlarged

erythrocytes were noticed clinically in this population. However, very few previous

studies4–6 focus on the macrocytosis of the heroin users, which is important because

of possible cardiac and hemodynamic complications may be of significance for

clinical practice.5
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Macrocytosis is the condition of having erythrocytes

which (on average) are too large. This has usually been

defined as the mean corpuscular volume (MCV), a mea-

sure of the average volume of a red blood corpuscle,

greater than 95 to 100 femtoliters (fL). In the general

population, prevalence estimates range from 1.7% to

3.6%.5 An independent association has been found

between macrocytosis and the metabolic syndrome7 and

suggested that MCV might be a metabolic marker. Studies

of alcohol abusers have reported similar hematological

findings and this has been defined as “alcoholic

macrocytosis”.8,9 Excessive ethanol consumption may

affect the peripheral blood cells and bone marrow. Poor

nutrition intake of alcohol abusers causes vitamin B12 and

folate deficiency, and this may lead to secondary

megaloblastosis.10

In a previous study,5 the term “heroin macrocytosis”

(heroin macrocytic anemia) was established and linked to

the increased red blood cell distribution width (RDW) in

chronic heroin abusers. Another study6 reported that the

mu opioid receptors of erythrocytes and the rheological

parameters were changed among opioid-dependent

patients. However, the findings of the studies were limited

by small sample sizes. The appearance of heroin macro-

cytosis has not been well documented. No other research

studies have investigated the association between heroin

use and macrocytosis.

The present study investigates changes in the hemato-

logical properties of erythrocytes (ie, macrocytosis) among

patients with heroin use disorder receiving methadone

maintenance therapy and also identifies associated factors.

The study hypothesized that macrocytosis would be pre-

sent among the population with heroin use disorder and

that it would be correlated with heroin use.

Materials and methods
Participants and procedures
The sample comprised 958 heroin-dependent patients. They

were recruited from an MMT program at the Tsaotun

Psychiatric Center in central Taiwan, between January

2007 and October 2013. All subjects had the diagnostic

interview with a senior psychiatrist and the heroin depen-

dence diagnosis was confirmed according to DSM-IV-TR.

Those individuals who were illiterate or had the diagnosis

of intellectual disability were excluded. At admission to the

MMT program, all participants completed self-report ques-

tionnaires with the assistance of a trained psychiatric nurse,

which were designed to assess demographic data, medical

history, psychosocial information, criminal history, and

substances use history.

Measures
We assessed the heroin-related behaviors of the participants

at the beginning of the MMT program. Information

included the onset age of heroin use, multiple substance

use (including amphetamine, club drugs, alcohol, marijuana

use, but not including tobacco use) and any alcohol use in

the last 6 months, any infection of hepatitis B (HBV) or C

virus (HCV), and human immunodeficiency virus. We

assessed the frequency and quantity of heroin used per

day in the last 30 days before the subject entered the pro-

gram to determine the amount of heroin used. In Taiwan, a

traditional measuring unit usually relates to the weight of

heroin: half Qian. One Qian is approximately equal to 3.75

g and half Qian is about 1.875 g. The dosage of heroin used

per day then was calculated by dividing the total amount

used by number of days. The participants’ blood samples

were taken at their entry to the MMT program and tests

were carried out at the Division of Laboratory Medicine in

Tsaotun Psychiatric Center, using Beckman Coulter

Hematology Analyzer LH 750. The hematological para-

meters were red blood cell count (RBC), hemoglobin

(Hb), hematocrit (Hct), mean corpuscular volume (MCV),

mean corpuscular hemoglobin (MCH), mean corpuscular

hemoglobin concentration (MCHC), white blood cell count

(WBC), and platelet count. We also measured the liver

function by using glutamate oxaloacetate transaminase

(GOT) and glutamate pyruvate transaminase (GPT). The

definition of macrocytosis, MCV>95 fL was used.11

Data analyses
The study carried out a descriptive analysis for the demo-

graphic characteristics, heroin-related issues, substance

use history, and other clinical variables. We used means,

standard deviations, and proportions to present the data

when relevant. The association of all variables was

assessed by an independent t-test and Chi-square test. We

entered all significant factors into a multivariable logistic

regression analysis model to determine their association

with heroin use and macrocytosis. Adjustment was made

for the potential effects of other variables, including age,

sex, alcohol use, multiple substance use, and hypothyroid-

ism. We conducted the analyses by using SPSS 15.0 for

Windows and the differences were considered significant

if p<0.05.
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Ethics
The study was reviewed and approved by the Institutional

Review Board of the Tsaotun Psychiatric Center and was

conducted in accordance with the Declaration of Helsinki.

All individuals provided written informed consent before

participation. They were informed of their right to discon-

tinue participation at any time and legal prosecution will not

result from participation in the study. Their treatment rights

will not be influenced and assurance of confidentiality.

Results
Demographic data of participants
The demographic data of the participants (n=958) are shown

in Table 1. Their mean age was 36.58±7.69 years. The mean

duration of heroin use was 10.65±5.89 years. The majority

were male (n=873, 91.1%). About half of our participants

(n=467, 48.7%) were multiple substance users, and a quarter

(n=248, 25.9%) were using alcohol. As high as 90% of them

were infected by HCV. Most of them had the hematological

parameters, thyroxin, and GPT level within normal range.

Among all of our participants, nearly one-fifth (n=187,

19.5%) had MCV greater than 95 fL, ie, macrocytosis.

Macrocytosis and associated factors
In univariate analysis (Table 2), age (p<0.0001), duration

of heroin use (p=0.003), and more days of alcohol use

within the previous month (p<0.0001) were found to be

associated with macrocytosis. Of those with macrocytosis,

97.3% were male (p=0.001) and 38% of them were current

alcohol users (p<0.0001) compared to 89.6% male and

23% current alcohol users among those without macrocy-

tosis. No statistically significant difference was found

between these two groups of individuals with regard to

multiple substance use, HIV, and HCV infection.

Multivariable logistic regression analysis was per-

formed to identify the variables significantly associated

with macrocytosis after adjustment (Table 3). Independent

associations were found for male gender (AOR 4.21; 95%

CI, 1.30–13.70), age (AOR 1.05; 95% CI, 1.03–1.08), and

more days of alcohol use within the previous month (AOR

1.03; 95% CI, 1.00–1.06). Duration of heroin use and liver

function was not significantly associated with macrocytosis.

Discussion
Prevalence of macrocytosis
This is the first study that focuses on the association

between heroin use and macrocytosis. Nearly one-fifth of

dependent heroin users in our sample had macrocytosis.

About half of them were multiple substance users and a

quarter were using alcohol. Older age, longer duration of

heroin use, and more days of alcohol use within the pre-

vious month were associated with macrocytosis. The fac-

tors that were found to be independently associated with

macrocytosis among the participants were male gender,

older age, and more days of alcohol use in the previous

month.

No previous data were available regarding the preva-

lence of macrocytosis in this population. The present study

found that 19.5% of the participants had macrocytosis,

which is 5 to 10 times higher than that of the general

population.10 This is close to the prevalence of macrocy-

tosis among alcohol abusers (26%).12 With regard to the

hematology, one possible reason for the macrocytosis

among heroin users might be because the erythrocytes

from the chronic opioid users have high opioid receptor

levels and have high deformability.6 Many of the patients

who enrolled in the MMT program have lifestyle problems

with eating too little, smoking, and drinking too much.13

Comorbidity of alcohol
In the present study, 25.9% of the participants were still

consuming alcohol and 38% of the drinkers had macro-

cytosis at admission to the MMT program. The comorbid-

ity of heroin use disorder and alcohol use was high. A

previous systematic review found that alcohol consump-

tion often does not change when patients are on MMT.14

In the UK National Treatment Outcome Research Study

(NTORS), Gossop et al15 found that heavy drinking was

relatively common among the heroin users. Approximately

a quarter of the NTORS sample was drinking heavily at

treatment intake, and the same proportion continued to

drink heavily throughout the 5-year follow-up. Among

the drug misusers who have drinking problem, their typi-

cal daily amounts of alcohol were between 10 and 19

units.16 This suggests that greater attention should be

paid to the problem of alcohol use among the heroin

users from both the perspectives of treatment and of pre-

ventive medicine. The finding of macrocytosis may remind

us to look more closely at the underlying problematic

alcohol use of patients and to provide them a more pre-

cisely tailored intervention in MMT programs.

Interventions to tackle alcohol use, and especially exces-

sive drinking should be established within MMT pro-

grams. Examples might include providing additional

health education on alcohol to the MMT patients with
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problematic alcohol use and asking them to have an alco-

hol breath test before they receive their daily methadone

dose in order to reduce problematic alcohol use and further

harmful effects from alcohol.

Association of the heroin use factors and

macrocytosis
The factors that were found to be related to macrocytosis

among the heroin use disorder population included male

gender, age, and more days of alcohol use within the

previous month. There was considerable variation in the

duration of heroin use among the heroin use disorder

individuals with macrocytosis. Our results do not support

the hypothesis of “heroin macrocytosis” that was pro-

posed. However, the findings do indicate that alcohol

macrocytosis is an important feature of this population.

Macrocytosis was associated with older age. This is con-

sistent with the findings of previous studies that showed

macrocytosis to be more common in older adults,17,18 with

prevalence figures for macrocytosis reported at 8.4% for the

adults aged ≥45. Our finding that men were more likely to

have macrocytosis is also consistent with other studies of

older adults.18 This might be explained by poor nutritional

intake or increased losses of vitamin B12 in the elderly.19

Deficiency of vitamin B12 increases with age.20 However, no

previous research data were available regarding age and

macrocytosis among the population of heroin use disorder.

Most (90%) of the participants had hepatitis C viral

infection. This was consistent with previous findings.21

Hepatitis B virus and hepatitis C virus may induce severe

bone marrow aplasia. Chronic liver diseases including viral

hepatitis cause portal hypertension and splenomegaly, and

may lead to secondary hemolysis and macrocytosis.22 In

Table 1 Demographic characteristics of the sample

Variables (normal range/unit) Mean±SD (N=958) Proportion, N (valid percentage %)

Above Normal Below

Age 36.58±7.69

Duration of heroin use (years) 10.65±5.89

Days of using 1.875 g heroin within previous month 5.51±0.18

Days of heroin use within previous month 19.79±0.42

Days of alcohol use within previous month 2.3±0.20

GOT (15–41 IU/L) 48.62±42.23 351 (37.6) 581 (62.2) 2 (0.2)

GPT (10–40 IU/L) 62.96±73.74 465 (50.3) 474 (49.3) 4 (0.4)

Thyroxin (6.09–12.23 µg/dL) 9.45±2.09 (n=778) 1 (0.1) 676 (95.6) 30 (4.2)

RBC (4.2–6.23x106/µL) 4.79±0.50 72 (7.5) 873 (91.1) 13 (1.4)

Hb (13–18 g/dL) 14.83±1.45 268 (28) 678 (70.8) 12 (1.3)

Hct (38.3–53.1%) 47.77±136.65 178 (18.6) 764 (79.7) 16 (1.7)

MCV (fL) 90.72±7.20

MCH (pg) 31.21±12.39

MCHC (g/dL) 34.69±10.03

WBC (103/µL) 7.70±2.23

Platelet (103/µL) 252.25±76.99

Variables N (%)

Sex Male 873 (91.1)

Multiple substance usea Yes 467 (48.7%)

Alcohol useb Yes 248 (25.9%)

HIV Positive 180 (18.8%)

HCV Positive 862 (90%)

HBV Positive 628 (65.6%)

MCV>95 fL Yes 187 (19.5%)

Note: aMultiple substance use including amphetamine, club drugs, alcohol, marijuana use, but not including tobacco use in the last 6 months. bAlcohol use: any alcohol use in

the last 6 months.

Abbreviations: GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase; RBC, red blood cell count; Hb, hemoglobin; Hct, hematocrit; MCV,

mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; WBC, white blood cell count; HIV, human

immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus.
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addition, the treatment of chronic hepatitis C with a combi-

nation of interferon and ribavirin may also cause

macrocytosis.23 Despite the high HCV infection prevalence

among our participants, there was no significant difference

between the groups with and without macrocytosis (p=0.31).

Limitations
The current study has some limitations. Reporting bias exists,

and in particular, the dose or duration of heroin, multiple

substance use, and alcohol use might be under-reported.

Also, the samples were not randomly selected but were

enrolled from a single psychiatric center in central Taiwan.

Accordingly, the findings may not generalize to different set-

tings. The heroin use disorder patients included in the study

may be a highly selected group. They may have greater

severity of dependence and differ from the broader range of

the heroin use population. These samplesmay not represent all

heroin users in the country, even though we have large com-

munity-based samples. Our study did not include information

on red cell distribution width (RDW), nutritional status, serum

level of folic acid and thiamine, the amount of drinking, and

the status of HCV treatment which might have given us more

information. Further research using a cohort design and which

collects the details of nutrient profile and alcohol use among

the patients with heroin use disorder may help to differentiate

the megaloblastic effect of heroin from that of alcohol. On the

other hand, the study does have certain strengths, not least

because of its inclusion of a relatively large sample.

Conclusion
We found that nearly one-fifth of the patients with heroin

use disorder had macrocytosis, and a quarter were also

using alcohol. Macrocytosis among the patients with her-

oin use disorder was independently associated with male

Table 2 The difference between the macrocytosis group and without macrocytosis among MMT patients

Variables Macrocytosis (Mean±SD) No macrocytosis (Mean±SD) P-value

Duration of heroin use (years) 11.79±6.13 10.37±5.81 0.003

Age (years) 39.25±7.81 35.93±7.52 <0.0001

Days of alcohol use within previous month 4.32±8.67 1.81±5.50 <0.0001

Days of heroin use within previous month 19.36±13.06 19.89±13.08 0.615

Dose of heroin use 0.57±3.69 0.03±0.38 0.329

GOT (U/L) 58.16±48.04 47.62±67.42 0.047

GPT (U/L) 74.97±77.88 60.22±73.34 0.015

Sex Male 97.3 89.6 0.001

Multiple substance usea Yes 43.9 49.9 0.135

Alcohol useb Yes 38.0 23.0 <0.0001

HIV Negative 80.7 81.3 0.857

HCV Negative 8.0 10.5 0.310

Note: aMultiple substance use including amphetamine, club drugs, alcohol, marijuana use, but not including tobacco use in the last 6 months. bAlcohol use: any alcohol use in

the last 6 months.

Abbreviations: GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase; HIV, human immunodeficiency virus; HCV, hepatitis C virus.

Table 3 Factors associated with macrocytosis. (Multivariable logistic regression analysis)

Variable β AOR (95% CI) P-value

Gender (male) 1.438 4.214 (1.296–13.699) 0.017

Age (years) 0.052 1.053(1.026–1.081) <0.0001

Alcohol usea 0.436 1.547(0.975–2.454) 0.064

Duration of heroin use (years) 0.005 1.005(0.973–1.038) 0.768

GOT (IU/L) 0.008 1.008(1.001–1.015) 0.022

GPT (IU/L) −0.002 0.998(0.994–1.002) 0.439

Days of alcohol use within previous month 0.032 1.033(1.003–1.062) 0.028

Note: aAlcohol use: any alcohol use in the last 6 months.

Abbreviations: GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase.
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gender, older age, and more days of alcohol use in the

previous month. Our study suggested that greater attention

should be paid to the issue of alcohol use and related

macrocytosis problems among the patients with heroin

use disorder.
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