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Abstract

Purpose: Myelodysplastic syndromes (MDS) are a class of clonal neoplastic disorders of largely 

unknown etiology, and published data remain inconclusive regarding the association between 

lifetime alcohol consumption and MDS risk. In these analyses, data from a population-based case-

control study were used to investigate this association.

Methods: Eligible cases of MDS were identified through the Minnesota Cancer Reporting 

System; controls were matched by sex and age-decile. A central review process was used to 

confirm MDS diagnosis and classify subtypes. Unconditional and polytomous logistic regression 

were used to calculate odds ratios (OR) and 95% confidence intervals (CI). Kaplan-Meier curves 

were used to compare survival by category of lifetime alcohol consumption.

Results: In total, 398 cases of MDS and 698 controls were included. Alcohol consumption at 

23–30, 31–49, and 50–65 years of age, recent consumption 1 year before diagnosis/interview, and 

lifetime consumption were not found to be significantly associated with MDS in males (OR range 
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0.63–0.99) or females (OR range 0.58–1.70). Analysis by MDS subtype further suggested there 

was not a significant association between recent alcohol consumption and odds of disease by 

subtype (OR range 0.39–1.13). Lifetime alcohol consumption was not significantly associated 

with survival after diagnosis of MDS

Conclusions: Previously reported associations between alcohol consumption and MDS risk 

were inconsistent. Results from our analyses by sex and disease subtype do not support alcohol as 

a significant contributor to risk for MDS.
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Introduction

Ineffective hematopoiesis is the hallmark of myelodysplastic syndromes (MDS), a 

heterogeneous group of rare blood disorders [1, 2]. MDS are classified as clonal neoplasms 

of the myeloid stem cells, and they are further categorized into disease subtypes based on the 

degree of atypical proliferation and differentiation of the myeloid cells [2]. Changes in cell 

morphology are the result of acquired mutations over time [2], and nearly a third of 

individuals with MDS will later progress to acute myeloid leukemia (AML) [2, 3]. Incidence 

rates for MDS are estimated to be 4.8 per 100,000 people in the United States [4], although 

these reported estimates are expected to be lower than actual incidence rates due to 

underdiagnosis and underreporting [5–7].

The World Health Organization (WHO) re-classified MDS as a malignant neoplasm in 2000 

[8]. Thus, population-based incidence data were not available prior to 2001 [5, 6] and 

etiology data are limited due to a lack of studies. Previous epidemiological studies 

conducted have identified few consistent factors. Prior chemotherapy and cancer treatments 

are well-documented risk factors for disease [9–12], in addition to occupational and 

environmental exposures to benzene, organic solvents, and agricultural pesticides and 

fertilizers [13–17]. Lifestyle risk factors such as tobacco use [2, 14, 16–20] and obesity [21] 

have also been implicated in MDS risk. It is suggested that these factors only partially 

explain the risk for MDS, with additional factors yet to be discovered [16, 22].

Prior studies have linked chronic alcohol consumption to hematopoietic disorders and 

changes in cell morphology during typical hematopoiesis [23]. A Finnish study reviewed 

144 general hospital patients undergoing bone marrow examinations and peripheral blood 

counts. Their findings demonstrated morphological changes in cell lines associated with 

erythropoiesis, including macrocytosis, thrombocytopenia, and other cytopenias. Although 

the biological mechanism behind these changes is not entirely understood, they are the likely 

result of the hemotoxic effects of alcohol and its metabolites [23, 24].

To date, the evidence for an association between alcohol consumption and risk of MDS has 

been inconclusive. Early investigations by Ido et al. and Brown et al. reported positive 

associations between disease and exposure, although not all associations reached statistical 

significance [19, 25]. Over a decade later, a number of other case-control studies reported 
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decreased odds ratios (OR) amongst light drinkers compared to abstainers [5, 16, 26], but a 

meta-analysis published in 2010 suggested there were no significant associations overall 

[18]. The limited sample sizes in previous studies and the variation in alcohol assessment 

have made it difficult to generalize data and accurately quantify the association between 

alcohol consumption and MDS.

In order to address the lack of conclusive evidence, we used data from a population-based 

case-control study of MDS in Minnesota to further evaluate the association between lifetime 

alcohol consumption and risk for MDS. Thorough analysis of alcohol consumption at 

different life stages has not been assessed in prior studies of MDS to date, thus providing a 

novel approach to investigating this association.

Methods

Human subjects research:

The Institutional Review Boards for each participating institution approved this study, which 

included the University of Minnesota, the Mayo Clinic, the Minnesota Department of 

Health, and area hospitals. Informed consent was obtained from all participants.

Case recruitment:

Cases were identified through the population-based Minnesota Cancer Reporting System 

(MCRS) with a diagnosis date between April 1, 2010 and October 31, 2014. Cases were 

eligible for the study if they had a diagnosis of MDS based on the following ICD-O-3 codes: 

9980, 9982–9987, 9989 [8]. English and Spanish-speaking residents of Minnesota between 

20 and 85 years of age were eligible for the study.

Following enrollment in the study, central review of pathology reports and diagnostic bone 

marrow specimens was completed by two pathologists, one cytogeneticist, and one medical 

oncologist to confirm diagnosis of MDS and classify by subtype using the 2008 WHO 

classification scheme [27]. In total, 398 cases with confirmed MDS were included in these 

analyses. MDS subgroups used for analyses included: refractory anemia (RA), refractory 

neutropenia (RN), and refractory thrombocytopenia (RT); refractory anemia with ring 

sideroblasts (RARS); refractory cytopenia with multilineage dysplasia (RCMD); refractory 

anemia with excess blasts, types 1 (RAEB-1) and 2 (RAEB-2); MDS with an isolated 

deletion of 5q (MDS del(5q)); therapy-related MDS (t-MDS); and other types of MDS, 

which contained cases of unclassifiable and not-otherwise-specified MDS (MDS other). 

Fifty-nine percent of patients referred to the study completed the interview. Questionnaire 

completion rates were slightly higher in males compared with females (p=0.06), but we did 

not observe differences in participating vs. non-participating cases when we compared the 

groups by MDS subtype (p=0.15), rural vs. urban residence (p=0.68) or age at diagnosis 

(median age = 75 years vs. 73 years, respectively; p=0.34). The median time from diagnosis 

to questionnaire completion was 140 days (range 7–1333 days).
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Control recruitment:

The Minnesota State driver’s license/identification card list was used to identify and contact 

controls during the same study timeframe as cases (July 2010–July 2014). Controls were 

eligible for enrollment if they were Minnesota residents, between the ages of 20 to 85, 

understood either English or Spanish, and had no history of myeloid neoplasia. Eligible 

controls were frequency matched to cases by sex and age-decile. A total of 698 controls 

were recruited (49% response rate). Participating and non-participating controls did not 

differ with respect to sex (p=0.94), residence in a rural vs. urban location (p=0.65), or BMI 

(p=0.84). Participating controls were older than non-participating controls (median = 71 

years vs. 67 years, respectively, p=0.03). The median time from first contact to questionnaire 

completion date was 39 days (2–1130 days).

Exposure assessment:

A self-administered risk factor questionnaire was provided to cases and controls to collect 

exposure data. The questionnaire included self-reported information on demographics, 

lifestyle, medical history, and occupational and environmental history.

Alcohol use over the lifetime was categorized based on sex and the 2015–2020 Dietary 

Guidelines from the U.S. Department of Health and Human Services and the U.S. 

Department of Agriculture [28]. Alcohol consumption was classified as any type of alcohol, 

including beer, wine, or liquors. In total, five categories were used to classify alcohol 

consumption for each sex. Consumption in males was classified into the following groups: 

abstainers or non-drinkers (none), occasional drinkers (<1 per month to 1–3 per month), 

light drinkers (1–2 per week to 3–6 per week), moderate drinkers (1–2 per day), and heavy 

drinkers (3+ per day). Females were grouped into similar categories: abstainers or non-

drinkers (none), occasional drinkers (<1 per month to 1–3 per month), light drinkers (1–2 

per week), moderate drinkers (3–6 per week to 1–2 per day), and heavy drinkers (3+ per 

day). For both sexes, moderate and heavy drinkers were combined into one group due to 

small sample sizes. Alcohol use was assessed at 23–30, 31–49, and 50–65 years of age, and 

1 year prior to MDS diagnosis for cases or 1 year prior to the study interview for controls. 

Additionally, a composite score of lifetime alcohol consumption was estimated using 

methods previously described by Kunzmann et al [29]. Briefly, alcohol consumption was 

first normalized by amount and frequency (drinks per week) and then estimated as a 

weighted average of weekly consumption, which was then multiplied by the number of years 

in each age category. The resulting value for average annual consumption over the lifetime 

was then categorized into groups as described above for males and females.

Due to the matched study design, analyses were adjusted for age group. Other potential 

confounders included race and ethnicity (non-Hispanic white [NHW], other); education 

level (≤high school graduate, some post high school education, college graduate); annual 

household income (≤$40,000, $40,000-$80,000, >$80,000); personal history of cancer, 

excluding skin cancer (yes, no); smoking status (never, former, current smoker); benzene 

exposure (yes, no); chemotherapy exposure (yes, no); radiation exposure (yes, no); and BMI 

category (normal weight, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese, ≥30 kg/m2). 
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Individuals that were underweight (<18.5 kg/m2) 2 years prior to diagnosis for cases or 2 

years prior to questionnaire completion for controls were excluded.

Statistical analysis:

The associations between MDS and alcohol consumption, selected study population 

characteristics, and potential effect modifiers and confounders were evaluated using 

unconditional or polytomous logistic regression, as appropriate. Crude and adjusted ORs are 

reported with 95% confidence intervals (CI) and two-sided p-values. All analyses were 

stratified by either sex or disease subtype, and they were adjusted by continuous age or 

continuous age and sex to control for matching. Crude and adjusted odds ratios were not 

calculated for groups with fewer than 5 participants.

Potential confounders included previously reported risk factors or variables that were 

significantly correlated with recent alcohol consumption, MDS, or both. Furthermore, 

covariates that changed the crude and adjusted associations between lifetime alcohol 

consumption and MDS by more than 10% were considered for the final model. Independent 

variables were individually added to the regression model until all potential confounders 

were included; likelihood ratios and c-statistics were compared. The final unconditional 

logistic regression model, which included potential confounders, was used to evaluate the 

association between lifetime alcohol use and MDS by sex; polytomous logistic regression 

was used to evaluate the association between lifetime alcohol use and MDS by subtype with 

controls as the reference category.

Kaplan-Meier survival curves were used to compare survival curves across categories of 

lifetime alcohol consumption. A log-rank p-value was used to test for significant differences 

across groups.

Statistical analyses were performed using SAS Version 9.4 (SAS Institute Inc., Cary, NC, 

USA)

Results

We included 255 male and 143 female cases and 438 male and 260 female controls that met 

all inclusion criteria (Table 1). The median age of male cases and controls was 73 and 70.5 

years, respectively. The median age for their female counterparts was 72.5 years for both 

cases and controls. The majority of participants reported their race as NHW (cases 98%; 

controls 97%); therefore, further adjustment by race was not included in final regression 

models. The majority of participants also reported drinking alcohol. For cases, 89% of males 

and 85% of females reported drinking alcohol. For controls, 90% of males and 86% of 

females reported drinking alcohol. For both sexes, there were no significant differences in 

education level, household income, personal history of cancer, radiation exposure, or BMI 

category between cases and controls. A significant positive association with former smoking 

and case-status was only observed in females, while a significant positive association with 

prior benzene exposure and case-status was only observed in males. Additionally, a 

significant positive association between prior chemotherapy exposure and case-status was 
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observed in both males (OR 2.65, 95% CI 1.30–5.41) and females (OR 3.36, 95% CI 1.31–

8.63).

The distribution of alcohol use as well as the crude and adjusted associations between 

alcohol and MDS risk by sex are depicted in Table 2. Estimates using male and female data 

combined are also included. Alcohol consumption was modeled independently at different 

time points throughout adulthood. Reports of alcohol consumption at different ages were 

significantly correlated within individuals across all age categories (p<0.0001). In the crude 

analysis, alcohol consumption was not statistically significantly associated with MDS in any 

age group evaluated. In females, no significant associations were observed in the adjusted 

models for alcohol consumption in any age group, for recent alcohol consumption, or for 

lifetime alcohol consumption. In males, adjusted ORs were at or slightly below the null for 

all categories of alcohol consumption in all age groups. A significant negative association 

between lifetime alcohol consumption and MDS risk was observed for light drinkers (OR 

0.63, 95%CI 0.40–0.99). The negative association with light alcohol consumption was also 

observed in the adjusted analyses of males and females combined (OR 0.71, 95% CI 0.50–

0.99). No other significant associations were observed in the combined analysis.

We stratified MDS cases by WHO subtype to determine if alcohol was associated with any 

particular subtype of MDS (Table 3). We collapsed similar MDS subtypes together to 

increase sample sizes in the groups (RA/RN/RT and RARS; RCMD; RAEB1 and RAEB2; 

MDS del(5q); and t-MDS). For MDS del(5q), a significant negative association between 

lifetime alcohol consumption and MDS risk was observed for light drinkers (OR 0.32, 95% 

CI 0.11–0.86). All other adjusted models comparing each subtype to the control group 

suggested no significant associations between lifetime alcohol consumption and MDS risk.

Median time from diagnosis to death or last follow-up was 888 days (range 58 – 3479 days) 

in the cases overall. We did not observe statistically significant differences in survival by 

category of lifetime alcohol consumption overall or in analyses stratified by sex (Figure 1).

Discussion

The association between lifetime alcohol consumption and MDS has not been previously 

assessed in a large-scale population-based study. Etiology of these rare blood disorders 

remains largely unknown due to disease heterogeneity and the limited number of studies that 

have been conducted. Previous studies assessing the relationship between alcohol and 

disease have reported inconsistent findings, suggesting harmful, protective, or inconclusive 

results. Additionally, prior studies of MDS risk and alcohol have solely relied on recent 

consumption data. The data reported here are the first investigation of lifetime alcohol use 

throughout early, middle, and late-adulthood. We did not find any evidence that alcohol is 

associated with MDS.

Our results suggesting that there is not a significant association between alcohol exposure 

and risk of MDS are consistent with other U.S. studies. A 2005 case-control study by Strom 

et al. reported no significant associations between drinkers (beer and liquor only) and non-

drinkers. These non-significant ORs were observed when analyzed collectively (OR 0.77, 
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95% CI 0.52–1.13) and stratified by sex (male OR 0.82, 95% CI 0.51–1.30; female OR 0.58, 

95% CI 0.27–1.27). Potential protective effects were observed in a wine drinker group (wine 

alone or in combination with beer and liquor) when compared to never drinkers [16]. Four 

years later, Ma et al. reported non-significant hazard ratios (HR range 0.38–1.19, p=0.83) 

comparing never drinkers to drinkers classified by tertile [30]. In the analyses presented 

here, dose response trends were inconsistent between males and females. Following 

stratification by sex and categorical alcohol consumption, adjusted regression models were 

limited by small sample sizes, particularly amongst females reporting moderate to heavy 

drinking. Therefore, there may be insufficient power to detect a true effect and we can’t rule 

out modest associations between alcohol consumption and MDS. In analyses where male 

and female data were combined to increase sample size, no meaningful associations were 

observed, further suggesting no significant associations between alcohol consumption and 

MDS risk.

Few previous studies have evaluated associations by MDS subtype due to small sample 

sizes. Analyses of subtype-specific risk factors could provide useful information for these 

heterogeneous disorders and would be especially relevant if modifiable risk factors were 

identified for higher risk subtypes. The association between lifetime alcohol consumption 

and risk for MDS by subtype was assessed here. We observed significant negative 

associations between light lifetime alcohol consumption in men (OR=0.63, 95% CI 0.40–

0.99) and for the MDS del(5q) subtype (OR 0.32, 95% CI 0.11–0.86), but no other 

significant findings were observed among other subtypes or alcohol consumption groups and 

it is possible that these associations were due to chance due to the many comparisons we 

have made. We feel that small sample sizes in each subgroup limited our ability to draw 

conclusions. The only other study to evaluate associations by subtype to date reported an 

inverse association between wine consumption and RA/RARS (OR 0.52, 95% CI 0.29–0.95) 

and RAEB/RAEBT (OR 0.52, 95%CI 0.32–0.84) [16]. Antioxidants have been proposed as 

a possible mechanism for the protective association between wine and cancer [16, 31]. Our 

data do not distinguish between different types of alcohol; therefore, we were unable to 

evaluate associations specifically for wine consumption in our analysis.

The biological mechanisms and effects of ethanol on hematopoiesis are still under 

investigation, although possible links between hematologic disorders and alcohol use have 

been reported [23, 24]. In particular, multiple types of cytopenia, including anemia and 

thrombocytopenia, have been associated with chronic heavy alcohol consumption. Reactive 

compounds in alcohol cause hematoxicity, suppression of hematopoiesis, and cell damage, 

thus suggesting a potential connection to MDS and other blood disorders [23, 24].

Our large population-based study of MDS in Minnesota demonstrated many strengths in 

case/control ascertainment, data collection, and analysis. Cases were identified and 

approached shortly after diagnosis (median 140 days [range 7–1333 days]), and no proxy-

interviews were conducted; rapid case ascertainment was utilized to minimize potential 

survival bias. Following case identification, controls were also selected from the population 

irrespective of exposure status.
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Despite these strengths, there are also potential weaknesses that could limit our findings. 

Selection bias for both cases and controls is possible, especially in light of the low response 

rates in both case and control groups (59% and 49%, respectively). We were able to compare 

limited information between participants and non-participants, and data suggest that 

participants were likely to be slightly older than non-participants. Additionally, our analyses 

relied on self-reported data for many potential risk factors, and it is important to consider 

potential recall bias, under-reporting of alcohol consumption, and abstainer bias. To limit 

potential abstainer bias, or bias towards protective associations, occasional drinkers were 

used as the primary reference group for all analyses in this study [32]. Furthermore, 

unmeasured confounders could have contributed to the associations reported here, and the 

large majority of NHW participants limit the generalizability of the data. Finally, our data do 

not distinguish between different types of alcohol, limiting our ability to compare the impact 

of different types of alcohol.

These data contribute to the emerging literature surrounding alcohol as a risk factor for 

MDS. Our findings show no significant associations between lifetime or recent alcohol 

consumption and risk for MDS by sex and no significant association between lifetime 

alcohol consumption and risk for MDS by disease subtype. Further, they provide additional 

evidence to support previous studies that suggest alcohol is not a significant contributor to 

disease risk. Although some biological mechanisms demonstrate the toxicity of alcohol and 

a link to defective hematopoiesis, these data do not support a strong association between 

exposure and disease. Additional large-scale population studies of MDS are needed to 

further assess potential risk factors for disease, as much remains unknown.
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Figure 1. 
Kaplan-Meier survival curves comparing survival by category of lifetime alcohol 

consumption. + denotes censored. A) Comparison of survival in males and females 

combined. Log-rank p-value = 0.19. B) Comparison of survival in males. Log-rank p-value 

= 0.53. C) Comparison of survival in females. Log-rank p-value = 0.24.
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