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Abstract 

Purpose: Chronic heavy alcohol consumption is associated with bone density loss and 

increased fracture risk, while low levels of alcohol consumption have been reported as 

beneficial in some studies. However, studies relating alcohol consumption to bone geometry, 

volumetric bone mineral density (vBMD) and bone microarchitecture, as assessed by high-

resolution peripheral quantitative computed tomography (HR-pQCT), are lacking.  

Methods: Here we report an analysis from the Hertfordshire Cohort Study, in which we 

studied associations between HR-pQCT measures at the distal radius and tibia and alcohol 

consumption in 376 participants (198 men and 178 women) aged 72.1-81.4 years. 

Results: A total of 30 (15.2%), 90 (45.5%) and 78 (39.4%) men drank minimal/none (<1 

unit/week), low (≥1 unit/week and <11 units/week) and moderate/high (≥11 units/week) 

amounts of alcohol respectively. These figures were 74 (41.8%), 80 (45.2%) and 23 (13.0%) 

respectively in women for minimal/none (<1 unit/week), low (≥1 unit/week and <8 

units/week) and moderate/high (≥8 units/week). At the distal radius, after adjustment for 

confounding factors (age, BMI, smoking status, dietary calcium intake, physical activity and 

socioeconomic status and years since menopause and HRT use for women), men that drank 

low alcohol had lower cortical thickness (p=0.038), cortical vBMD (p=0.033), and trabecular 

vBMD (p=0.028) and higher trabecular separation (p=0.043) than those that drank 

none/minimal alcohol. Similar differences were shown between minimal/none and 

moderate/high alcohol although these only reached statistical significance for the cortical 

parameters. Interestingly, after similar adjustment, women showed similar differences in the 

trabecular compartment between none/minimal alcohol and low alcohol at the distal tibia. 

However, women that drank moderate/high alcohol had significantly higher trabecular vBMD 

(p=0.007), trabecular thickness (p=0.026), and trabecular number (p=0.042) and higher 

trabecular separation (p=0.026) at the distal radius than those that drank low alcohol.  

Conclusions: Our results suggest that alcohol consumption (low and moderate/high) may 

have a detrimental impact on bone health in men in both the cortical and trabecular 
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compartments at the distal radius with similar results in women in the trabecular 

compartment between none/minimal alcohol and low alcohol at the distal tibia suggesting 

that avoidance of alcohol may be beneficial for bone health. 

 

Keywords: alcohol consumption, high-resolution peripheral quantitative computed 

tomography, bone geometry, microarchitecture, volumetric bone mineral density.  

 

Highlights:  

1/ Men that drank low alcohol had lower Ct.Th, Ct.vBMD, Tb.vBMD and higher Tb.Sp at the 

distal radius than those that drank none/minimal alcohol. 

2/ Low levels of alcohol consumption are not beneficial for bone health. 

3/ There is a site- and sex-dependent effect of alcohol consumption on bone health. 

 

Abbreviations: areal bone mineral density (aBMD), body mass index (BMI), cortical area (Ct. 

area), cortical density (Ct.vBMD), cortical porosity (Ct.Po), cortical thickness (Ct.Th), dual 

energy X-ray absorptiometry (DXA), Hertfordshire Cohort Study (HCS), high-resolution 

peripheral quantitative computed tomography (HRpQCT), peripheral quantitative computed 

tomography (pQCT), total cross-sectional area (Tt.area), trabecular BMD (Tb.vBMD), 

trabecular number (Tb.N), trabecular thickness (Tb.Th) trabecular separation (Tb.Sp), 

volumetric bone mineral density (vBMD). 

 

 

 

 

Introduction 
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There is increasing interest in how modifiable lifestyle factors may influence bone health. 

Amongst these, alcohol consumption is of particular interest, given rising alcohol 

consumption in most populations [1, 2]. In a number of reports, decreased areal bone 

mineral density (aBMD) and increased fracture risk has been reported in individuals with 

chronic heavy alcohol consumption [3-5]; alcohol consumption was independently 

associated with the risk of both hip and wrist fractures, with a dose-response relationship, in 

a prospective cohort of 84,484 middle-age women [6]. Compared with abstainers, women 

consuming greater than or equal to 25 g alcohol/d (1.8 drinks or more per day) had a relative 

risk (RR) of 2.33 (95% CI = 1.18-4.57) for hip fractures and an RR of 1.38 (95% CI = 1.09-

1.74) for wrist fractures [6]. Another study found an increased odds of vertebral fracture 

among men who consumed more than 0.3 drinks per day compared with abstainers 

(adjusted odds ratio 4.61 [1.19-17.90]) [7]. However, there have also been reports of a 

positive association between modest alcohol consumption and bone health; a systematic 

review of the literature with meta-analysis found that the association between alcohol 

consumption and hip fracture seemed to be J-shaped rather than linear [4-6, 8-11]. 

Compared with abstainers, persons consuming more than 0.5 to 1.0 drinks per day had a 

lower hip fracture risk (RR 0.80 [95% CI = 0.71-0.91]), and persons consuming more than 2 

drinks per day had a higher risk (RR 1.39 [95% CI = 1.08-1.79]). Alcohol consumption is 

included in fracture risk stratification tools, including FRAX®, but with a cut off of > 2 drinks 

per day [12]. 

It is increasingly recognised that bone geometry, and bone microarchitecture contribute to 

bone strength and thus fracture risk [13], but there are few studies which have examined the 

relationships between alcohol consumption and measurements of volumetric BMD and bone 

geometry using peripheral quantitative computed tomography (pQCT) and no consistent 

relationships have been shown [14, 15]. The aim of this study was therefore to explore the 

relationships between alcohol consumption and bone geometry, vBMD and bone 
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microarchitecture assessed by HR-pQCT and aBMD assessed by DXA in a well phenotyped 

cohort of elderly men and women from the Hertfordshire Cohort Study (HCS). 

 

Materials and Methods 

Study participants 

The HCS is a population-based UK cohort designed to examine the relationships between 

growth in infancy and the subsequent risk of adult diseases, such as osteoporosis. Study 

design and recruitment have been described in detail previously [16]. HCS participants were 

generally comparable with those in the nationally representative Health Survey for England 

[16]. In brief, in conjunction with the National Health Service Central Registry and the 

Hertfordshire Family Health Service Association, we traced men and women who were born 

between 1931 and 1939 in Hertfordshire and still lived there during the period 1998–2003. A 

nurse-administered questionnaire and clinic visit were done at this time.. In 2004-2005, 642 

men and women from the geographical area of East Hertfordshire took part in a follow-up 

clinic visit which included a nurse-administered questionnaire. Of these, 376 (59%) agreed to 

a HR-pQCT scan in 2011-2012. The East and North Hertfordshire Ethical Committees 

granted ethical approval for the study and all participants gave written informed consent in 

accordance with the Declaration of Helsinki [17]. 

 

Demographic and clinical assessment 

Height was measured to the nearest 0.1 cm using a wall-mounted SECA stadiometer on the 

day of scanning, and weight using electronic scales (make, model) to the nearest 0.1kg. 

Body Mass Index (BMI) was calculated as weight/height² (kg/m²). Data related to alcohol 

consumption and smoker status were available from the 2004-2005 follow-up. Details 

regarding physical activity, dietary calcium intake, and socioeconomic status, age at 
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menopause and HRT use were available from the nurse-administered questionnaire 

assessed in 1998-2003 [16].  

Physical activity was calculated as a standardised score ranging from 0–100 derived from 

frequency of gardening, housework, climbing stairs and carrying loads in a typical week [18]. 

Higher scores indicated greater levels of activity. Dietary calcium intake was assessed using 

a food frequency questionnaire [19]. Socioeconomic status was determined using own 

current or most recent occupation of the participant in men and single women, and of the 

husband in ever-married women based on the Office of Population Censuses and Surveys 

Standard Occupational Classification Scheme for occupation and social class. Assessment 

of smoking habits included questions concerning smoker status (never, ex or current). 

Alcohol consumption was categorised into bands because of concerns that there may be J-

shaped relationships between alcohol consumption and bone parameters [3]. Questions 

were asked about the quantity of alcohol consumed at the point of questionnaire 

administration in 2004-2005. Those that drank <1 units of alcohol per week were defined as 

minimal alcohol. Those that drank more alcohol than this were subdivided into those that 

drank under half of the maximum recommended amount of alcohol (<11units in men, <8 

units in women), hereafter defined as low alcohol, and those that drank more than half of the 

maximum recommended amount of alcohol (≥11units in men, ≥8 units in women), hereafter 

defined as moderate-high alcohol [20].   

 

Dual-energy X-ray absorptiometry 

Dual-energy X-ray absorptiometry (DXA) was performed at time of HR-pQCT in 2011-2012. 

Bone area (cm²), BMC (g) and aBMD (g/cm²) at the non-dominant hip were measured using 

DXA (Lunar Prodigy Advanced Scanner, GE Medical Systems, UK).  Positioning for all 

scans was completed in accordance with manufacturer instructions. 
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High-resolution peripheral quantitative computed tomography 

Each participant had measurements of the non-dominant distal radius and distal tibia using 

HR-pQCT (XtremeCT, Scanco Medical AG, Switzerland) except when it had previously been 

fractured in which case the dominant side was scanned. This allowed acquisition of a stack 

of parallel CT slices using a two-dimensional detector array. A total of 110 slices were 

obtained which represented a volume of bone 9mm in axial length with a nominal resolution 

(voxel size) of 82µm. The scanned limb was immobilized during the examination in a carbon 

fibre cast. Antero-posterior 2D scout views were performed to determine the region to be 

scanned. All scans were acquired by one of two trained technicians using standard 

positioning techniques. These were in keeping with the manufacturer’s guidelines and as 

described by Boutroy et al. [21]. Each scan was assessed for motion artefact, and if present 

a second scan was performed. The quality of the measurements was assessed by using a 5-

point scale recommended by the manufacturer (1, excellent; 2, good; 3, acceptable; 4, poor; 

5, unacceptable). Only examinations with quality grades 1 through 4 were included in the 

study.  

Image analysis was carried out using the standard manufacturer’s method which has been 

described in detail previously [22, 23]. In brief, we used a semi-automated, hand-drawn 

contouring system to delineate the periosteal surface. A threshold-based algorithm then 

separated cortical from trabecular compartments. The threshold used to discriminate cortical 

from trabecular bone was set to one-third of the apparent cortical bone density value. 

Standard morphologic analysis produced total (Tt.vBMD, g/cm3) and trabecular BMD 

(Tb.vBMD, g/cm³). Trabecular number (Tb.N, per mm) was determined using the ridge-

extraction method [24]. Trabecular thickness (Tb.Th, µm) and separation (Tb.Sp, µm) were 

calculated from trabecular density and trabecular number according to standard morphologic 

relationships [25]. Each measure has been validated against micro-CT imaging [26]. 
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Further analysis was performed using an automated segmentation algorithm [27].  

Assessments were made of total cross-sectional area (Tt.area, mm²), cortical area (Ct.area, 

mm²), and cortical density (Ct.vBMD, g/cm³). Cortical density was determined as the 

average mineral density in the region of auto-segmentation cortical bone mask. Using Image 

Processing Language (IPL, Version 6.1, ScancoMedical), cortical porosity (Ct.Po, %) was 

derived from the number of void voxels in each thresholded cortex image divided by the 

number of voxels in the cortex. Cortical thickness (Ct.Th, µm) was determined from the 

threshold cortex image using a distance transform after removal of intracortical pores [28].  

A calibration phantom (Scanco Medical AG, Bruttisellen, Switzerland) was used which 

included5 cylinders containing a mixture of hydroxyapatite and resin. The mineral 

concentrations of these cylinders were0, 100, 200, 400 and 800 mgHA/cm³. The value of 0 

mgHA/cm³ equates to a soft tissue background devoid of mineral. Quality control testing was 

performed on a weekly basis and quality assurance on a daily basis. Short term precision 

values (% CV) for cortical and trabecular BMD have been shown to range from 0.3 to 1.2 

[29]. The effective dose to the subject during each scan was < 3µSv. 

 

Statistical methods 

Statistical analyses were performed using STATA version 13.1. Variables were assessed for 

normality and transformed if necessary. Descriptive statistics for continuous variables are 

expressed as mean, standard deviation; and categorical variables as frequency and 

percentage. 

Differences in continuous variables were assessed using Student’s t-tests (for two groups) or 

One-Way ANOVA (for multiple groups) and in categorical variables using Pearson’s Χ² test. 

Statistical significance was defined as a p-value of ≤ 0.05. 
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HR-pQCT measures were described separately for men and women. Primary analysis used 

linear regression to examine the associations between alcohol consumption (minimal/none, 

low and moderate/high) and HR-pQCT bone parameters in the distal radius and in the distal 

tibia. This analysis was undertaken with and without adjustment for a priori confounders: 

age, BMI, smoking status, dietary calcium intake, physical activity and socioeconomic status, 

years since menopause and HRT use for women. The second analysis used linear 

regression to examine separately the associations between several DXA parameters at 

femoral neck and total hip: bone area, BMC and aBMD in men and women with alcohol 

consumption. This analysis was also undertaken with and without adjustment for age, BMI, 

smoking status, dietary calcium intake, physical activity and socioeconomic status, years 

since menopause and HRT use for women. 

 

Results 

Characteristics of study participants 

The mean age of participants was 76.5 and 76.1 years in women and men, respectively 

(Table 1). On average, men were taller and heavier than women but BMI did not differ 

significantly by sex. Information on smoking status, alcohol consumption, social class and 

time since menopause was not available within the dataset on 2, 1, 8 and 3 individuals 

respectively. Rates of smoking were higher in men than women (p<0.001); 58.6% of men 

(n=116) and only 34.7% of women (n=61) were current or ex-smokers. Alcohol consumption 

was also greater in men (p<0.001) with 39.4% (n=78) in the moderate/high alcohol 

consumption category (≥11 units/week) whereas this figure was only 13% in women (≥8 

units/week) (n=23). The mean daily dietary calcium intake was 1137mg and 1225mg in 

women and men, respectively (p=0.012). Physical activity score was also higher in men than 

women. Women had gone through the menopause a mean of 28.1 years previously. Social 

class did not differ significantly by sex.   



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

11 

 

A total of 30 (15.2%), 90 (45.5%) and 78 (39.4%) men drank minimal/none, low and 

moderate/high amounts of alcohol respectively. These figures were 74 (41.8%), 80 (45.2%) 

and 23 (13.0%) respectively in women (Table 1). Characteristics of study participants were 

compared among men and women by alcohol consumption (Table 2). Rates of smoking 

(ever smoked) were higher in women with moderate/high alcohol consumption (p=0.033). 

Body mass index was also higher in men with moderate/high alcohol consumption than 

those with low (p=0.013). 

 

Bone geometry, volumetric bone mineral density and microarchitecture at the distal 

radius: relationship with alcohol consumption 

After adjustment for confounding factors (age, BMI, smoking status, dietary calcium intake, 

physical activity and socioeconomic status), men that drank low alcohol had lower Ct.Th (β=-

0.437, [-0.849, -0.025] z-score; p=0.038), Ct.vBMD (β=-0.438, [-0.839, -0.037] z-score; 

p=0.033), and Tb.vBMD (β=-0.412, [-0.777, -0.046] z-score; p=0.028) and higher Tb.Sp 

(β=0.361, [0.011, 0.711] z-score; p=0.043) than those that drank none/minimal alcohol 

(Table 3, Figure 1). Moreover, men that drank moderate-high alcohol had lower Ct.Th (β=-

0.374, [-0.741, -0.007] z-score; p=0.046), and Ct.vBMD (β=-0.559, [-0.944,-0.175] z-score; 

p=0.005) than those that drank none/minimal alcohol (Table 3, Figure 1).  

 Regarding trabecular parameters, women that drank low amounts of alcohol had 

significantly lower Tb.vBMD (β=-0.368, [-0.673, -0.064] z-score; p=0.018) and tended to 

have lower Tb.Th, Tb.N and higher Tb.Sp than those that drank none/minimal alcohol (Table 

4, Figure 1) whereas women that drank moderate/high alcohol had significantly higher 

Tb.vBMD (β=0.548, [0.153, 0.943] z-score; p=0.007), Tb.Th (β=0.536, [0.066, 1.007] z-

score; p=0.026), Tb.N (β=0.460, [0.016, 0.903] z-score; p=0.042) and lower Tb.Sp (β=-

0.482, [-0.905,,-0.058]; p=0.026) than those that drank low alcohol (Table 4, Figure 1).  
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Interestingly, men that drank low amounts of alcohol had higher radial Tt.area (β=0.304, 

[0.004, 0.604] z-score; p=0.047) and Tb.area (β=0.388, [0.044, 0.732] z-score; p=0.027) and 

tended to have a lower Ct.area (β=-0.280, [-0.586, 0.026] z-score; p=0.072) than those that 

drank minimal/none alcohol (Table 3, Figure 1). However, after adjustment for confounding 

factors, this remained significant only for Tb.area (β=0.362, [0.015, 0.708] z-score; p=0.041). 

In women, consumption of alcohol was not found to be independently associated with bone 

size at the distal radius. This was when comparing low to minimal/none, high/moderate to 

minimal/none and high/moderate to low (Table 4, Figure 1).  

Bone geometry, volumetric bone mineral density and microarchitecture at the distal 

tibia: relationship with alcohol consumption 

After adjustment for confounding factors, women that drank low amounts of alcohol had 

lower Tb.vBMD (β=-0.351, [-0.682, -0.021] z-score; p=0.037), Tb.N (β=-0.338, [-0.640, -

0.037] z-score; p=0.028) and higher Tb.Sp (β=0.351, [0.048, 0.653] z-score; p=0.023) than 

those that drank none/minimal alcohol (Supplementary material: Table S1) whereas Ct.area 

and Ct.Th in men that drank low amounts of alcohol were lower than those that drank 

none/minimal alcohol (β=-0.349, [-0.662, -0.036] z-score; p=0.029) and (β=-0.489, [-0.866, -

0.112] z-score; p=0.011) respectively (Supplementary material: Table S2).  

DXA measurements: relationship with alcohol consumption  

Regarding DXA analyses, men that drank moderate/high alcohol had higher aBMD and BMC 

at the total hip than those that drank low alcohol (β=0.048, [0.002, 0.093] g/cm2; p=0.041 

and β=2.004, [0.136, 3.872] g; p=0.036 respectively). After adjustment for confounding 

factors, these were no longer statistically significant. No associations were found at either 

skeletal site, between alcohol consumption or any of the DXA parameters in women.   
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Discussion 

In this study, we utilized HR-pQCT to investigate geometric, volumetric and microstructural 

parameters at the distal radius and tibia in relation to alcohol consumption in participants of a 

community-based cohort of elderly men and women from Hertfordshire. At the distal radius, 

we found that, compared with men who drank none/minimal alcohol, men with low or 

moderate/high alcohol consumption had lower Ct.Th, Ct.vBMD, and Tb.vBMD and higher 

Tb.Sp than their teetotal counterparts, and similar results were shown at the distal tibia in 

women with low alcohol consumption compared to minimal/none alcohol for Tb.vBMD, Tb.N 

and Tb.Sp. Interestingly, women that drank moderate/high alcohol had significantly higher 

Tb.vBMD, Tb.Th, Tb.N and lower Tb.Sp than those that drank low alcohol at the distal 

radius.  

There are very few studies that have completed similar analyses. Although associations 

between alcohol consumption and both cortical and trabecular vBMD have been previously 

assessed by pQCT [14, 15], without significant relationships being identified, this is the first 

study to examine relationships with bone microarchitecture. A study by Barbour KE and 

colleagues [14] evaluated the impact of demographic, anthropometric, lifestyle, and medical 

factors on vBMD assessed by pQCT in 1172 men aged 69 to 97 years (MrOS). Alcohol 

consumption as a continuous variable was not associated with Ct.vBMD or Tb.vBMD at the 

distal radius and tibia [14]. In another study, the extent of alcohol consumption in a group of 

258 healthy men (aged 40-63) did not differentiate trabecular, cortical or total BMC values at 

the distal radius [15]. However, there are also several animal studies on alcohol and bone 

microarchitecture that corroborate our findings [30, 31].   

Our results suggest that alcohol consumption (low and moderate/high) may have a 

detrimental impact on bone health in men in both the cortical and trabecular compartments 

at the distal radius with similar results in women in the trabecular compartment at the distal 

tibia. The exact mechanisms by which alcohol might adversely affect bone health have not 

been fully elucidated. It has been suggested in human, animal and cell culture studies that 
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alcohol has a dose-dependent toxic influence on osteoblast activity [32].The effect of long-

term alcohol consumption on bone remodeling likely involves a complex uncoupling of 

formation and resorption with a decreased bone formation rather than increased bone 

resorption [32]. Data from experimental studies indicate that osteocalcin (a marker of bone 

formation) increases after abstinence [33] and decreases after alcohol administration [34]. 

Consequently, results from this study showing higher trabecular density, number and 

thickness and lower trabecular separation in women with moderate/high alcohol 

consumption compared to low alcohol consumption may be contrary to what one might 

expect and cannot be explained purely by confounders such as smoking (Table 2). Indeed, 

rates of smoking were higher in women with moderate/high alcohol consumption in 

comparison with others groups which, if anything, would be expected to cause the opposite 

effect. Clearly, these results should be interpreted with caution due to the small number of 

women (n=23) in the moderate/high alcohol consumption group.  

However, differences have been shown to exist in the pattern of bone density loss in men 

and women. Specifically, women with greater alcohol consumption had lower rates of bone 

density loss whereas men with the greatest alcohol consumption had the highest rates of 

bone density loss [35-37]. Biologically, the beneficial effects of alcohol consumption in 

women could be partially explained by elevations in circulating estradiol levels but these 

effects have mainly been demonstrated in women on hormonal replacement therapy [38, 

39]. 

Interestingly, prior to adjustment, higher aBMD was found in men that drank moderate/high 

alcohol than those that drank low alcohol. This difference was fully attenuated after 

adjustment for confounders. It is known that DXA measurements are influenced by body 

composition, including adiposity, and as men in the moderate/high alcohol group also had a 

significantly greater BMI, this might explain the unadjusted relationship. Furthermore, this 
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highlights one of the benefits of using vBMD over aBMD when assessing differences in bone 

health between groups. 

The strengths of our study include a well phenotyped cohort of elderly men and women 

allowing adjustment for multiple potential confounders. Furthermore, most of the variables 

(such as alcohol consumption and smoking status) were collected by trained research 

nurses, resulting in a lower risk of misclassification. The study also has some potential 

limitations. Firstly, based on the observational nature of this study design, causality cannot 

be established because we are unable to determine temporal relationships between the 

variables. Moreover, this study design did not allow us to check in a longitudinal way for 

individual changes on alcohol consumption bands. Indeed, individuals classified as 

none/moderate alcohol consumption may be at higher risk of fracture (and poorer bone 

microarchitecture), due to poorer health status that led them to stop drinking alcohol. 

Secondly, the relationships between alcohol consumption and bone parameters have been 

evaluated in a cohort of elderly men and women. These results cannot therefore be 

extrapolated to younger women and men in whom moderate alcohol consumption may be 

associated with better bone health [40]. Thirdly, our study did not include laboratory 

assessments, so we could not investigate how bone metabolism in participants might have 

been affected by lower 25-OH vitamin D levels, altered renal function and their relationships 

with bone density and microarchitecture. Fourthly, another limitation has been to consider 

alcohol as a single type of beverage. Indeed, several studies suggest that the effect of beer, 

wine and spirits on bone parameters may differ significantly. It is likely that it is not only the 

total amount of absorbed alcohol, but also the associated components that have their role in 

bone physiology (e.g. silicon appears to mediate the association of beer, but not that of wine 

or liquor, with BMD) [41, 42]. Finally, HR-pQCT data is restricted to the peripheral skeleton 

and does not provide a direct measure of bone quality at axial regions such as hip and 

vertebrae which are both common sites of fragility fracture. 
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In summary, this study shows than men who drank low or moderate/high alcohol had lower 

cortical thickness, cortical volumetric bone mineral density, and trabecular volumetric bone 

mineral density and higher trabecular separation at the distal radius than abstainers, with 

similar results seen in women between none/minimal alcohol and low alcohol for trabecular 

parameters at the distal tibia. Surprisingly, women that drank moderate/high alcohol had 

significantly higher trabecular parameters than those that drank low alcohol at the distal 

radius. Further research is needed to characterize age- and gender differences in the effect 

of alcohol on bone health. Better delineation of the potential mechanisms, presumably acting 

on cortical and trabecular remodelling, is required to improve our understanding of the 

pathogenesis of bone fragility in individuals that consume alcohol.  
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Table and figure legend: 

Table 1 Characteristics of study participants 

Table 2 Characteristics of study participants by alcohol consumption 

Table 3 Regression analysis of radial bone microarchitecture comparing men with low 

alcohol consumption and moderate-high alcohol consumption to those with minimal alcohol 

consumption and men with moderate-high alcohol consumption to those with low alcohol 

consumption 

Table 4 Regression analysis of radial bone microarchitecture comparing women with low 

alcohol consumption and moderate-high alcohol consumption to those with minimal alcohol 

consumption and women with moderate-high alcohol consumption to those with low alcohol 

consumption 

Figure 1 Comparative analysis of bone geometry, vBMD and microarchitecture at the distal 

radius in men and women on alcohol consumption   

 

References 

[1] Dawson DA, Goldstein RB, Saha TD, Grant BF. Changes in alcohol consumption: United 

States, 2001-2002 to 2012-2013. Drug Alcohol Depend. 2014 Dec 23. doi: 

10.1016/j.drugalcdep.2014.12.016. [Epub ahead of print] 

[2] Gell L, Meier PS, Goyder E. Alcohol consumption among the over 50s: international 

comparisons. Alcohol. 2015;50:1-10. 

[3] Berg KM, Kunins HV, Jackson JL, Nahvi S, Chaudhry A, Harris KA Jr, Malik R, Arnsten 

JH. Association between alcohol consumption and both osteoporotic fracture and bone 

density. Am J Med. 2008;121:406-18. 

[4] Nguyen TV, Kelly PJ, Sambrook PN, et al. Lifestyle factors and bone density in the 

elderly: implications for osteoporosis prevention. J Bone Miner Res. 1994;9:1339-1346. 

[5] Baron JA, Farahmand BY, Weiderpass E, et al. Cigarette smoking, alcohol consumption, 

and risk of hip fracture in women. Arch Intern Med. 2001;161:983-988. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

18 

 

[6] Hernandez-Avila M, Colditz GA, Stampfer MJ, Rosner B, Speizer FE, Willett 

WC.Caffeine, moderate alcohol intake, and risk of fractures of the hip and forearm in middle-

aged women.Am J Clin Nutr. 1991;54:157-63. 

[7] Samelson EJ, Hannan MT, Zhang Y, et al. Incidence and risk factors for vertebral fracture 

in women and men: 25-year follow-up results from the populations-based Framingham 

study. J Bone Miner Res. 2006;21:1207-14. 

[8] Kanis JA, Johansson H, Johnell O, Oden A, De Laet C, Eisman JA, Pols H, Tenenhouse 

A. Alcohol intake as a risk factor for fracture. Osteoporos Int. 2005;16:737-42. 

[9] Mukamal KJ, Robbins JA, Cauley JA, et al. Alcohol consumption, bone density, and hip 

fracture among older adults: the cardiovascular health study. Osteoporos Int. 2007;18:593-

602. 

[10] Felson DT, Kiel DP, Anderson JJ, Kannel WB. Alcohol consumption and hip fractures: 

the Framingham Study. Am J Epidemiol. 1988;128:1102-1110. 

[11] Hoidrup S, Gronbaek M, Gottschau A, et al. Alcohol intake, beverage preference, and 

risk of hip fracture in men and women. Copenhagen Centre for Prospective Population 

Studies.Am J Epidemiol. 1999;149:993-1001. 

[12] Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of 

fracture probability in men and women from the UK. Osteoporos Int. 2008;19:385-97. 

[13] Cheung AM, Adachi JD, Hanley DA, et al. High resolution peripheral quantitative 

computed tomography for the assessment of bone strength and structure: a review by the 

Canadian Bone Strength Working Group. Curr Osteoporos Rep 2013;11:136–46. 

[14] Barbour KE, Zmuda JM, Strotmeyer ES, Horwitz MJ, Boudreau R, Evans RW, et al. 

Correlates of trabecular and cortical volumetric bone mineral density of the radius and tibia 

in older men: the Osteoporotic Fractures in Men Study. J Bone Miner Res 2010;25:1017-28. 

[15] Medras M, Jankowska EA, Rogucka E. The effect of smoking tobacco and drinking of 

alcohol and coffee on bone mineral density of healthy men 40 years of age. Pol Arch Med 

Wewn 2000;103:187-93. 

[16] Syddall HE, Aihie SA, Dennison EM, Martin HJ, Barker DJ, Cooper C. Cohort profile: the 

Hertfordshire cohort study. Int J Epidemiol 2005;34:1234-42. 

[17] Declaration of Helsinki. Ethical principles for medical research involving human subjects. 

J Indian Med Assoc 2009;107:403-5. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

19 

 

[18] Dallosso HM, Morgan K, Bassey EJ, Ebrahim SB, Fentem PH, Arie TH. Levels of 

customary physical activity among the old and the very old living at home. J Epidemiol 

Community Health 1988;42:121-7. 

[19] Robinson SM, Jameson KA, Batelaan SF, Martin HJ, Syddall HE, Dennison EM, et al. 

Diet and its relationship with grip strength in community-dwelling older men and women: the 

Hertfordshire cohort study. J Am Geriatr Soc 2008;56:84-90. 

[20] NHS Choices. www.nhs.uk/livewell/alcohol/Pages/Alcoholhome.aspx 

[21] Boutroy S, Bouxsein ML, Munoz F, Delmas PD. In vivo assessment of trabecular bone 

microarchitecture by high-resolution peripheral quantitative computed tomography. J Clin 

Endocrinol Metab 2005;90:6508-15. 

[22] Laib A, Hauselmann HJ, Ruegsegger P. In vivo high resolution 3D-QCT of the human 

forearm. Technol Health Care 1998;6:329-37. 

[23] Khosla S, Riggs BL, Atkinson EJ, Oberg AL, McDaniel LJ, Holets M, et al. Effects of sex 

and age on bone microstructure at the ultradistal radius: a population-based non-invasive in 

vivo assessment. J Bone Miner Res 2006;21:124-31. 

[24] Hildebrand T, Ruegsegger P. A new method for the model-independent assessment of 

thickness in three-dimensional images. J Microsc 1997;185:67-75. 

[25] Parfitt AM, Mathews CH, Villanueva AR, Kleerekoper M, Frame B, Rao DS. 

Relationships between surface, volume, and thickness of iliac trabecular bone in aging and 

in osteoporosis. Implications for the microanatomic and cellular mechanisms of bone loss. J 

Clin Invest 1983;72:1396-409. 

[26] MacNeil JA, Boyd SK. Accuracy of high-resolution peripheral quantitative computed 

tomography for measurement of bone quality. Med Eng Phys 2007;29:1096-105. 

[27] Buie HR, Campbell GM, Klinck RJ, MacNeil JA, Boyd SK. Automatic segmentation of 

cortical and trabecular compartments based on a dual threshold technique for in vivo micro-

CT bone analysis. Bone 2007;41:505-15. 

[28] Burghardt AJ, Kazakia GJ, Ramachandran S, Link TM, Majumdar S. Age- and gender-

related differences in the geometric properties and biomechanical significance of intracortical 

porosity in the distal radius and tibia. J Bone Miner Res 2010;25:983-93. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

20 

 

[29] Paggiosi MA, Eastell R, Walsh JS. Precision of High-Resolution Peripheral Quantitative 

Computed Tomography Measurement Variables: Influence of Gender, Examination Site, and 

Age. Calcif Tissue Int. 2014;94:191-201. 

[30] Johnson TL, Gaddini G, Branscum AJ, Olson DA, Caroline-Westerlind K, Turner RT, 

Iwaniec UT. Effects of chronic heavy alcohol consumption and endurance exercise on 

cancellous and cortical bone microarchitecture in adult male rats. Alcohol Clin Exp Res. 

2014;38:1365-72. 

[31] Reed AH, McCarty HL, Evans GL, Turner RT, Westerlind KC. The effects of chronic 

alcohol consumption and exercise on the skeleton of adult male rats. Alcohol Clin Exp Res 

26:1269–1274. 

[32] Chakkalakal DA. Alcohol-induced bone loss and deficient bone repair. Alcohol Clin Exp 

Res 2005;29:2077-90. 

[33] Laitinen K, Lamberg-Allardt C, Tunninen R, et al. Bone mineraldensity and abstention-

induced changes in bone and mineral metabolism in non-cirrhotic male alcoholics. Am J 

Med. 1992;93:642-650. 

[34] Garcia-Sanchez A, Gonzalez-Calvin JL, Diez-Ruiz A, et al. Effect ofacute alcohol 

ingestion on mineral metabolism and osteoblastic function. Alcohol Alcohol. 1995;30:449-

453. 

[35] Dennison E, Eastell R, Fall CH, et al. Determinants of bone loss in elderly men and 

women: a prospective population-based study. Osteoporos Int. 1999;10:384-391. 

[36] Burger H, de Laet CE, van Daele PL, et al. Risk factors for increased bone loss in an 

elderly population: the Rotterdam Study. Am J Epidemiol. 1998;147:871-879. 

[37] Hannan MT, Felson DT, Dawson-Hughes B, et al. Risk factors for longitudinal bone loss 

in elderly men and women: the Framingham Osteoporosis Study. J Bone Min Res. 

2000;15:710-720. 

[38] Purohit V. Moderate alcohol consumption and estrogen levels in postmenopausal 

women: a review. Alcohol Clin Exp Res 1998;22:994-7. 

[39] Singletary KW, Gapstur SM.Alcohol and breast cancer: review of epidemiologic and 

experimental evidence and potential mechanisms. JAMA. 2001;286:2143-51. 

[40] Eleftheriou KI, Rawal JS, James LE, Payne JR, Loosemore M, Pennell DJ, World M, 

Drenos F, Haddad FS, Humphries SE, Sanders J, Montgomery HE. Bone structure and 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

21 

 

geometry in young men: the influence of smoking, alcohol intake and physical activity. Bone. 

2013;52:17-26. 

[41] Tucker KL, Jugdaohsingh R, Powell JJ, Qiao N, Hannan MT, Sripanyakorn S, Cupples 

LA, Kiel DP. Effects of beer, wine, and liquor intakes on bone mineral density in older men 

and women. Am J Clin Nutr. 2009;89:1188-96. 

[42] Liu ZP, Li WX, Yu B, et al. Effects of trans-resveratrol from Polygonum cuspidatum on 

bone loss using the ovariectomized rat model. J Med Food 2005;8:14–9. 

 

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

22 

 

Table 1 Characteristics of study participants 

Variables Men 

(n=198) 

Women 

(n=178) 

P-value 

Age, year 76.1 (2.5) 76.5 (2.6) 0.185 

Body weight, kg 82.4 (12.1) 71.0 (12.7) <0.001 

Body height, cm 173.4 (6.6) 159.9 (5.7) <0.001 

BMI (kg/m²) 27.4 (3.8) 27.8 (4.7) 0.379 

Daily calcium intake 

(mg) 

1225 (298) 1137 (381) 0.012 

Physical activity score 65.7 (13.6) 62.1 (13.7) 0.012 

Time since menopause 

(years) 

NA 28.1 (6.7) NA 

Social status¹  

   I-IIINM 

   IIIM-V 

 

84 (44.2) 

106 (55.8) 

 

77 (43.3) 

101 (56.7) 

 

 

0.854 

Smoker status 

   Never 

   Ex 

   Current 

 

82 (41.4) 

102 (51.5) 

14 (7.1) 

 

115 (65.3) 

52 (29.6) 

9 (5.1) 

 

 

 

<0.001 

Alcohol consumption² 

Minimal/none 

Low 

Moderate/high 

 

30 (15.2) 

90 (45.5) 

78 (39.4) 

 

74 (41.8) 

80 (45.2) 

23 (13.0) 

 

 

 

<0.001 

¹ I-IIINM (I to III non-manual), IIIM-V (III manual to V), ² Minimal/none, <1 unit/week; Low alcohol 

consumption, ≥1 unit/week and <8 units/week in women or <11 units/week in men; moderate-high 

alcohol consumption, ≥8 units/week in women or ≥11 units/week in men. BMI: body mass index  
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Table 2 Characteristics of study participants by alcohol consumption  

 Men 

 (n=198) 

Variables None/minimal¹ 

(n=30) 

Low¹ 

(n=90) 

Moderate/high¹ 

(n=78) 

P 

Age, year 75.9 (2.5) 76.2 (2.5) 76.1 (2.6) 0.783 

BMI (kg/m²) 27.7 (4.2) 26.7 (3.3) 28.1 (4.0) 0.046 

Daily calcium 

intake (mg) 

1216 (307) 1256 (274) 1193 (322) 0.394 

Physical 

activity score 

65.2 (15.1) 64.5 (13.0) 67.2 (13.7) 0.430 

Social status² 

  ( I-IIINM) 

14 (48.3) 41 (47.7) 29 (38.7) 0.461 

Ever smoked 17 (56.7) 46 (51.1) 53 (67.9) 0.085 

 Women  

(n=178) 

Variables None/minimal¹ 

(n=74) 

Low¹ 

(n=80) 

Moderate/high¹ 

(n=23) 

P 

Age, year 76.1 (2.6) 76.4 (2.6) 77.6 (2.6) 0.073 

BMI (kg/m²) 28.0 (4.5) 27.9 (5.1) 26.6 (4.3) 0.453 

Daily calcium 

intake (mg) 

1117 (297) 1156 (457) 1139 (351) 0.823 

Physical 

activity score 

62.3 (13.7) 62.1 (14.1) 60.9 (12.2) 0.909 

Social status² 

  ( I-IIINM) 

30 (40.5) 37 (46.3) 10 (43.5) 0.775 

Ever smoked 20 (27.0) 29 (36.2) 13 (56.5) 0.033 

¹ Minimal/none, <1 unit/week; Low alcohol consumption, ≥1 unit/week and <8 units/week in women 

or <11 units/week in men; moderate-high alcohol consumption, ≥8 units/week in women or ≥11 

units/week in men ² I-IIINM (I to III non-manual) versus IIIM-V (III manual to V), BMI: body mass 

index 
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Table 3: Regression analysis of radial bone microarchitecture comparing men with low alcohol consumption and moderate-high alcohol consumption to 

those with minimal alcohol consumption and men with moderate-high alcohol consumption to those with low alcohol consumption 

RADIUS Low alcohol consumption²  

vs. minimal/none¹ 

Moderate-high alcohol consumption³  

vs. minimal/none¹ 

Moderate-high alcohol consumption³ 

vs. low alcohol consumption² 

Variables β (95% CI) P-value β (95% CI)* P-value* β (95% CI) P-value β (95% CI)* P-value* β (95% CI) P-value β (95% CI)* P-value* 

Tt.area 

z-score 

0.304 (0.004, 

0.604) 

0.047 0.275 (-0.028, 

0.579) 

0.075   0.225 (-0.041, 

0.491) 

0.096 0.209 (-0.071, 

0.489)) 

0.141 -0.079 (-

0.292, 0.135) 

0.467 -0.101 (-

0.331, 0.129) 

0.385 

Ct.area 

 z-score 

-0.280 (-

0.586, 0.026) 

0.072 -0.0277 (-

0.571, 0.017) 

0.065 -0.169 (-

0.472, 0.134) 

0.273 -0.238 (-

0.543, 0.066)) 

  0.123 0.112 (-0.103, 

0.327) 

0.306 0.054 (-0.170, 

0.278) 

0.635 

Tb.area 

 z-score 

0.388 (0.044, 

0.732) 

0.027 0.362 (0.015, 

0.708) 

0.041 0.284 (-0.032, 

0.600) 

0.077 0.272 (-0.063, 

0.608) 

0.111 -0.104 (-

0.344, 0.137) 

0.395 -0.119 (-

0.377, 0.139) 

0.364 

Tb.vBMD 

 z-score 

-0.387 (-

0.751, -0.023) 

0.037 -0.412 )-

0.777, -0.046) 

0.028 -0.232 (-

0.602, 0.138) 

0.217 -0.248 (-

0.622, 0.127) 

0.193 0.155 (-0.106, 

0.416) 

0.243 0.167 (-0.103, 

0.436) 

0.223 

Tb.N  

 z-score 

-0.276 (-

0.615, 0.063) 

0.109 -0.287 (-

0.632, 0.058) 

0.103 -0.013 (-

0.403, 0.376) 

0.946   -0.094 (-

0.464, 0.277) 

0.617 0.263 (-0.002, 

0.528) 

0.052 0.218 (-0.044, 

0.481) 

0.103 

Tb.Th 

 z-score 

-0.343 (-

0.740, 0.053) 

0.089 -0.374 (-

0.782, 0.033) 

0.071 -0.270 (-

0.663, 0.123) 

0.176 -0.261 (-

0.669, 0.146) 

0.206 0.074 (-0.201, 

0.349) 

0.597 0.101 (-0.187, 

0.390) 

0.488 

Tb.Sp  

 z-score 

  0.344 (-

0.003, 0.692) 

0.052 0.361 (0.011, 

0.711) 

0.043   0.105 (-

0.277, 0.488) 

0.586 0.163 (-0.211, 

0.537) 

0.388 -0.239 (-

0.500, 0.022) 

0.073 -0.215 (-

0.478, 0.048) 

0.108 

Ct.vBMD  

 z-score 

-0.423 (-

0.817, -0.030) 

0.035 -0.438 (-

0.839, 0.037) 

0.033 -0.597 (-

0.972, -0.222) 

0.002 -0.559 (-

0.944, -0.175) 

0.005 -0.173 (-

0.454, 0.107) 

0.224 -0.127 (-

0.423, 0.169) 

0.400 

Ct.Th  

 z-score 

-0.456 (-

0.880, -0.031) 

0.036 -0.437 (-

0.849, -0.025) 

0.038 -0.323 (-

0.685, 0.039) 

0.080 -0.374 (-

0.741, -0.007) 

0.046 0.133 (-0.157, 

0.422) 

0.367 0.077 (-0.225, 

0.380) 

0.614 

Ct.Po 

z-score 

-0.052 (-

0.443, 0.339) 

0.792 -0.056 (-

0.455, 0.343)) 

0.780 0.366 (-0.021, 

0.753) 

0.064 0.240 (-0.142, 

0.622) 

0.215 0.418 (0.133, 

0.703( 

0.004 0.324 (0.036, 

0.613) 

0.028 

¹Minimal/none, <1 unit/week; ²Low alcohol consumption, ≥1 unit/week and <8 units/week in women or <11 units/week in men; ³moderate-high alcohol consumption, ≥8 units/week in 

women or ≥11 units/week in men. *Adjusted for age, body mass index, smoking status, calcium intake, physical activity, social class. 

Abbreviations: Tt.area: total area; Ct.area: cortical area; Tb.area: trabecular area; Tb.vBMD: trabecular volumetric bone mineral density; Tb.N: trabecular number; Tb.Th: trabecular thickness; 

Tb.Sp: trabecular separation; Ct.vBMD: cortical volumetric bone mineral density; Ct.Th: cortical thickness; Ct.Po: cortical porosity. 
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Table 4: Regression analysis of radial bone microarchitecture comparing women with low alcohol consumption and moderate-high alcohol consumption to 

those with minimal alcohol consumption and women with moderate-high alcohol consumption to those with low alcohol consumption 

RADIUS Low alcohol consumption²  

vs. minimal/none¹ 

Moderate-high alcohol consumption³  

vs. minimal/none¹ 

Moderate-high alcohol consumption³ 

vs. low alcohol consumption² 

Variables β (95% CI) P-value β (95% CI)* P-value* β (95% CI) P-value β (95% CI)* P-value* β (95% CI) P-value β (95% CI)* P-value* 

Tt.area 

z-score 
-0.040 (-

0.249, 0.169) 

0.706 -0.067 (-

0.286, 0.151) 

0.542 0.161 (-0.135, 

0.458) 

0.283 0.129 (-0.200, 

0.458) 

0.437 0.201 (-0.112, 

0.514)) 

0.205 0.181 (-0.149, 

0.510)) 

0.279 

Ct.area 

z-score 

-0.054 (-

0.275, 0.167) 

0.630 -0.004 (-

0.224, 0.216) 

0.972 0.020 (-0.284, 

0.324) 

0.897 0.061 (-0.265, 

0.387) 

0.711 0.074 (-0.244, 

0.392) 

0.646 0.144 (-0.177, 

0.464) 

0.375 

Tb.area 

z-score 

-0.006 (-

0.226, 0.215) 

0.960 -0.044 (-

0.276, 0.187) 

0.705 0.158 (-0.154, 

0.470) 

0.317 0.118 (-0.229, 

0.464) 

0.502 0.164 (-0.166, 

0.493) 

0.327 0.136 (-0.210, 

0.482) 

0.437 

Tb.vBMD 

z-score 

-0.299 (-

0.602, 0.005) 

0.054 -0.368 (-

0.673, 0.064) 

0.018   0.142 (-

0.306, 0.590) 

  0.531 0.150 (-0.305, 

0.606) 

0.514 0.441 (0.031, 

0.850) 

0.035 0.548 (0.153, 

0.943) 

0.007 

Tb.N  

z-score 

-0.159 (-

0.475, 0.157) 

0.321 -0.244 (-

0.547, 0.059) 

0.113 0.150 (-0.299, 

0.599) 

0.510 0.127 (-0.316, 

0.570) 

0.570 0.309 (-0.166, 

0.784) 

0.200 0.460 (0.016, 

0.903) 

0.042 

Tb.Th 

z-score 

  -0.248 (-

0.563, 0.067) 

0.122 -0.282 (-

0.616, 0.051) 

0.096 0.245 (-0.216, 

0.706) 

0.294 0.300 (-0.176, 

0.777) 

0.214 0.493 (0.051, 

0.935) 

0.029 0.536 (0.066, 

1.007) 

0.026 

Tb.Sp  

z-score 

0.211 (-0.099, 

0.521) 

0.182 0.296 (-0.003, 

0.595) 

0.053 -0.127 (-

0.573, 0.320) 

0.575 -0.112 (-

0.556, 0.331) 

0.615 -0.337 (-

0.792, 0.118) 

0.145 -0.482 (-

0.905, 0.058) 

0.026 

Ct.vBMD  

z-score 

-0.234 (-

0.582, 0.114) 

0.186 -0.177 (-

0.544, 0.190) 

0.342 -0.248 (-

0.730, 0.234) 

0.310 -0.270 (-

0.819, 0.278) 

0.330 -0.014 (-

0.380, 0.463) 

0.956 0.062 (-0.466, 

0.589) 

0.817 

Ct.Th  

z-score 

-0.107 (-

0.403, 0.190) 

0.479 -0.040 (-

0.347, 0.268) 

0.800 -0.065 (-

0.470, 0.339) 

0.750 -0.044 (-

0.494, 0.406) 

0.847 0.041 (-0.380, 

0.463) 

0.846 0.126 (-0.309, 

0.561) 

0.566 

Ct.Po 

z-score 

0.076 (-0.247, 

0.399) 

0.642 0.044 (-0.303, 

0.391) 

0.801 0.320 (-0.122, 

0.763) 

0.154 0.253 (-0.236, 

0.741) 

0.306 0.244 (-0.255, 

0.743) 

0.334 0.200 (-0.324, 

0.723) 

0.450 

¹Minimal/none, <1 unit/week; ²Low alcohol consumption, ≥1 unit/week and <8 units/week in women or <11 units/week in men; ³moderate-high alcohol consumption, ≥8 units/week in 

women or ≥11 units/week in men. *Adjusted for age, body mass index, smoking status, calcium intake, physical activity, social class, years since menopause and HRT use. 

Abbreviations: Tt.area: total area; Ct.area: cortical area; Tb.area: trabecular area; Tb.vBMD: trabecular volumetric bone mineral density; Tb.N: trabecular number; Tb.Th: trabecular thickness; 

Tb.Sp: trabecular separation; Ct.vBMD: cortical volumetric bone mineral density; Ct.Th: cortical thickness; Ct.Po: cortical porosity. 
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Highlights:  

• Low levels of alcohol consumption are not beneficial for bone health. 

• Men that drank low alcohol had lower Ct.Th, Ct.vBMD, Tb.Th and Tb.vBMD. 

• Avoidance of alcohol may be beneficial for bone health. 

 

 


