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There Is an increased risk of fracture with the prevalence of anemia anc
decreased levels of Hb in both men and women, associations supportec
by known interactions between processes of bone metabolism andc
hematopoiesis.

Anemia has been associated with several risk factors including low
bone mineral density (BMD), cardiovascular disease, low general self-
rated health status, Impaired cognition, low physical function,
sarcopenia, and falls.

The risk has been particularly apparent in men, with studies on
postmenopausal women showing inconsistent results and generally
lower risk iIncreases In women. The cause for this sex-specific
difference remains unclear.




Due to factors such as an aging demographic and urbanization, the
Incidence of osteoporotic fracture iIs projected to increase. The fracture
risk assessment tool, FRAX, combines age, sex, and body mass index
(BMI) with a set of clinical risk factors (CRFs) and an optional femoral
neck bone mineral density (FN BMD) to estimate the 10-year
probabilities of hip and major osteoporotic fractures (MOF; distal
forearm, proximal humerus, clinical spine, and hip).

The primary aim of this study was to evaluate the contributing effect of
Hb levels on the FRAX tool. Secondary aims were to analyze the
associations between levels of Hb with variables of BMD and bone
microstructure derived from (DXA) and high- resolution peripheral
quantitative computed tomography (HR-pQCT).



Materials and Methods

Subyects

Postmenopausal women aged 75-80 years old at baseline and living
In the Gothenburg area, Sweden were randomly selected between
March 2013 and May 2016. Invitations to participate were sent by
letter and telephone to a total of 6832 community-dwelling women.

The exclusion criteria were not being able to communicate In
Swedish, having had bilateral hip replacement, and not being
ambulant with or without walking aids. A total of 3028 women were
Included ( exclusion of 436 women and 3368 who declined to
participate). The participants signed an informed consent form, and
the study was approved by the regional Ethics Board in Sweden.



Anthropometrics and Questionnaires

Height (to the nearest 1 mm) and weight (to the nearest 0.1 kg) were
measured using the same standardized equipment for the entire cohort,
and mean values were used In the analyses. Information regarding the

CRFs was obtained through questionnaires and included If the
participant

nad a previous fracture,

nad a parent with a prior hip fracture,

currently smoked tobacco,

had been exposed to oral glucocorticoids (of doses corresponding to >5
mg of prednisolone for over 3 months in total),

and If they had been diagnosed with rheumatoid arthritis.




Secondary osteoporosis was defined as having either of diabetes mellitus,
nyperthyroidism, chronic liver disease, inflammatory bowel disorder, or
oremature menopause (<45 years old), and was assessed by asking If the
participant had been told by a doctor and at which age menstruations ended.

Excessive alcohol intake was defined as 3 or more alcoholic drinks per day.
Falls were assessed by asking (yes/no) If the participant had experienced a
fall during the last 12 months.

The FRAX 10-year probabilities for hip and MOF were calculated with and
without FN BMD, using the Sweden-specific model.

Previous osteoporosis treatment was assessed by asking (yes/no) if the
participant had ever used bisphosphonates, zoledronic acid, strontium,

teriparatide, or denosumab.




Blood Analyses

Blood samples were collected from all participants at the baseline visit.
Plasma and serum samples were immediately stored at —80 °C until further
analysis. Hb was analyzed at the Department of Clinical Chemistry,
Sahlgrenska University Hospital, Gothenburg, Sweden, using a CN-free Hb
method with an analytical range of 0-22.5 g/dL.

Serum albumin and creatinine were analyzed at the Department of Clinical
Chemistry, Link6éping University Hospital, Sweden. Serum albumin was
measured by immunoturbidimetry with an analytical range of 3.0 to 101 g/L.

Serum creatinine was measured enzymatically with an analytical range of 5
to 2700 umol/L.



Dual-Energy x-Ray Absorptiometry

The areal bone mineral density (aBMD) was assessed using DXA
(Hologic Discovery, USA). The aBMD (g/cm2) was analyzed at the
nondominant radius, lumbar spine (L1-L4, excluding fractured
vertebrae and/or vertebrae with osteosynthesis material), total hip,
and femoral neck.



High-Resolution Peripheral Quantitative Computed Tomography

HR-pQCT (XtremeCT, Scanco Medical AG, Switzerland) was used to
assess bone microstructure and volumetric bone mineral density
(vBMD). The Ipsilateral tibia to the nondominant hand (the
contralateral tibia in case of a previous fracture) was analyzed at 2 sites.
A reference line was established at the distal tibia articular plateau. The
distal site was at 14% of the tibia length from the reference line, the
ultradistal site was at a standard 22.5 mm from the reference line. A
total of 110 images were taken over 9.02 mm in a proximal direction at
each site and were applied to create 3D models.



The quality of the images was graded on a scale of 1 to 5, as
recommended by the manufacturer, and images with low quality
(grade 4-5) at either site were excluded from further analysis. A total
of 112 women with images of a low quality were excluded from the
analysis of HR-pQCT variables



Incident Fracture Evaluation

Evidence of incident fractures in the form of x-ray images and/ or x-ray
reports were retrieved from medical records or from the regional x-ray
archives, including Gothenburg and surrounding municipalities.

All incident fractures in the regional archive were recorded at the end
of follow-up and reviewed by a research nurse and an experienced
orthopedic surgeon. The incident fractures were categorized as either
hip, MOF, or any fracture (including all fracture types, except for
fractures of the fingers, toes, and skull). No regular x-ray monitoring
was conducted, and only incident clinical vertebral fractures identified
on examinations with a fracture inquiry were included. Deaths and date
of deaths were identified using the regional database Vistfolket.



Statistical Analyses

Continuous variables were assessed for normality using histograms
and tests of skew and kurtosis. The associations between investigated
outcome variables and anemia status were analyzed using independent
samples t-tests, Mann—Whitney U tests, chi-squared tests, and Fisher’s
exact tests. The associations to Hb level were iInvestigated using
Pearson and Spearman correlation for continuous variables and
Independent samples t-tests for dichotomous variables. The
assoclations between anemia status and Hb level to DXA and HR-
pQCT variables were analyzed using Independent samples t-tests,
Pearson correlation, and adjusted linear regression models (adjusted
for age, weight, and height).



The associations between the risk of incident fractures, anemia, and Hb
level were assessed using Cox proportional hazards models with
different levels of adjustment: (1) crude, (2) adjusted for age, height, and
weight, (3) additional adjustments for FRAX CRFs (previous fracture,
parental hip fracture, current smoking, oral glucocorticoids, rheumatoid
arthritis, secondary osteoporosis, and alcohol intake), (4) additional
adjustment for FN BMD, and (5) additional adjustment for falls.
Competing risks analysis by Fine and Gray was used to evaluate the risk
of incident fracture when considering death as a competing event.




Results

A total of 2778 (91.7%) women had complete data on Hb, CRFs, and
FN BMD and were included in the analysis. Of these, the mean Hb
was 13.5 g/dL, and 185 women (6.7%) were anemic (Table 1).

Women with anemia had higher relative frequencies of rheumatoid
arthritis and secondary osteoporosis, experienced falls In the last 12
months, and had higher FRAX probabilities for hip and MOF when
assessed with FN BMD. The Hb level was positively correlated with
age, height, weight, and albumin and inversely associated with
creatinine and the FRAX 10-year probabilities for hip and MOF, both
assessed with and without FN BMD. Hb levels were higher in women
who currently smoked but lower in women with a previous fracture,
exposed to oral glucocorticoids, had rheumatoid arthritis, and
experienced falls (Table 1).




Table 1. Baseline characteristics and associations to anemia status and hemoglobin levels

All (n=2778)

Ancmia status

Hb level (g/dL)

Anemia Mo anemia Hb r P Cases Controls P
(n=185)  (n=2593)
Age (years) T78x1.a Tre+ 1.7 T7Ex1.6 24 004 03
Height {cm) 1620+ 5.9 161.2+6.5 1620159 A2 0.0a = (M1
Weight (kg) 6EB+121 sE0+126 &8.9x12.0 35 012 = (M1
Hemoglobin (g/dL) 135+11 114 +0Ls 13.7 4+ 0.9 = 001 — —_
|.’L|.|3L‘| min (gL} 47 8+ 2.9 41.5 4+ 3.0 4294 2.8 = 001 0.1 = (M1
Creatinine {pmol/L} 4.9+ 184 Ble 4297 TF434 182 = 001 | —0uls =< 001
Previous fracture 1026 (36.9%) 77 {41.6%) 949 (38.6%) .17 13.5+1.1 13.6+=1.1 .02
Family history of fracture 485 (17.5%) 37 (20.0%) 448 (17.3%) .35 13.5+11 13.5+1.1 .75
Current smoking 139 (5.0%)  S(2.7%)  134(5.2%) .14° 13.8+12 13.5+1.1 <.001
Orral glucocorticoid exposure 95 (3.49%) 9 (4.99%) B& (3.3%%) 26 13.3+1.2 13.6+1.1 .0
Rheumatoid arthritis 113 i4.1%) 17 {9.2%:) Oa (3.7%) = 001 13.1+1.2 13.6+1.1 =.001
Secondary ostcoporosis 74T (26.99) B9 {37.3%) &e7VE (26.1%) .01 13.5+1.2 13611 .0a
Diabetes mellitas 2B1 i10.1%%) AS5(15.9%) 246 (9.5%) = 001 134+1.3 13611 .01
Hyperthyroidism® 144 (5.2%0) 11 {5.9%:) 133 (5.1%) A3 13.5+1.1 134+1.1 .73
Premature menopause (<45 }':ar:i:ld 298 (10.7%) 23 {12.5%) 275 (10.79%) .45 13.5+1.2 135+1.1 .99
Inflammatory bowel discase 122 (4.49%) 14 {7.6%%) 108 (4.29%) .03 134+1.1 136+1.1 .05
Chronic liver discase 12 (0.4%) 1(0.5%) 11 (0.4%)  .56° 13.4+12 13.5+1.1 .76
Alcohol {3 or more unitsiday) 11.(0.4%) 0 11.{0.4%) 1.00° 13.9+1.4 13.5+1.1 .38
Falls, > 1 the last 12 months BOS (29%) T1{38.4%) 734(28.3%) =.01 134+1.1 13.6+1.1 =.01
FRAX 10-year probability
Hip fracture without BMD, (%17 13.9+11.3 152 +13.3 13.7+11.2 LA —007 =
Hip fracture with BMD, (% )" 7.2+92 85+11.5 7.1+ 8.7 02 _o.04 .02
MOF without BMD, {9:)° 37 9x+154 9 +135.9 3761153 e —007 =
| MOF with BMD, {9%%:)° 199+ 13.4 2204162 1974132 2 | —005 = 05




Association of Hemoglobin Levels to Secondary Osteoporosis

Hb levels were lower in women with diabetes mellitus and inflammatory
bowel disease, although the latter was only borderline statistically
significant. There was no statistical difference in Hb levels between
women with hyperthyroidism, premature menopause, or chronic liver
disease compared with controls (Table 1).



DXA and HR-pQCT—Associations With Anemia and Hemoglobin
Level

The relationship between anemia and Hb levels to DXA and HR-pQCT
variables are presented as crude and adjusted (adjusted for age, weight, and
height) associations in Table 2. There were no significant differences in the
mean Hb levels or proportions of women with anemia between the groups
of included and excluded women based on image quality grading (data not
shown).

Anemia was negatively associated with FN BMD and total hip BMD
following adjustments for age, weight, and height. No associations
between Hb levels and DXA variables remained after adjustment
(Table 2).



At the distal tibia site following adjustment, women with anemia had
higher total area, greater periosteal circumference, and higher
cortical porosity, and the Hb level was Inversely associated with these
variables. Also at the distal site, anemia was associated with lower total
and cortical vBMD and the Hb level was positively associated with
cortical vBMD.

At the ultradistal site following adjustment, women with anemia had a
higher total area and periosteal circumference and the Hb level was
Inversely associated with the same variables (Table 2).

Also at the ultradistal site, anemia was associated with a lower cortical
area, and total and cortical vBMD, and Hb levels were positively
associated with total and cortical vBMD and with trabecular thickness.



Table 2. The association betwean anemia, hamoglobin level, DXA, amd HR-pQCT variables

Dependent variable Anecmia statos Hb level
Ancmia Mo anemia P Adjusted B o Hbr P Adjusted standardized P
in=185) ([m=2X583) (95 % CT) B (95% CI})
VA
Lumbar spinc aBMD I:g,p"cr.rl'l] 096 +0.17 094 + 0. 18 G4 10 (=004 po 0224 ) A7 .01 A0 —0u0d (—0.07 vo L0005
Femoral neck aBMD I:;E,-rl:m'l:l a4 = 0011 Ouaa + 0011 02 =05 (—0.2% o —0.01) 04 od 03 —0000 (—0.04 po 0003} 98
Total hip aBMD I_g."crl.'l.l:l 078 0,13 0.80+0.12 .02 —0.15(—0.29 to —0.02) 03 e =01 0,02 (—002 o 0L0F) 32
Badius aBMD [g.l'-:_‘ml:la 057 = 0.97 .58 + .78 A2 =013 (=027 vo 0.01) A7 L0s =01 0.02 (—0.02 o 0L05) 32
HE-pQCT—distal tibia
Total arca {mm?) 4470+ 58.3F 4378+ 58.1 .04 022 (008 to 0L36) .01 —0.00 9 —0.05 (—0L08 to —0.01) .01
Cortical area {mm?) 1449+ 6.9 1481234 .12 —-0.1Z(—0.26 vo 0.02) A0 o4 03 000 (—0.03 o 0L04) .98
Total vEMD I:mE."cmj:l 3c9.3 + 831 I8R2+TV7.2 <01 —023 (—0.38 to —0.09) <01 0OO4 04 003 (—0001 po 0007 s
Cortical vBMD I:n.'l.Eu"-LT.I'Ij:I 2090 +43.2 9159 +41.6 0F —018(—0.33 to —0.03) .02 s 01 0005 (0.02 oo 0.09) 01
Trabecular vBMD [mgfcm®)®  92.8+37.3 959+ 349 .26 —0.08(—023t00.07) .29 0.02 .37 0.00(—0.04 to 0.04) .99
Periosteal circumference (mm)© 82.5 £ 5.2 Bl.s + 5.3 JF 0 G223 (0010 o OLFT) <01 —0.00 94 —0.05 (— 0009 o — 002 .01
Trabecular BVITW [%6)° F7x 31 3.0+29 2% 008 (=023 vo 0.07) 30 o2 33 0.00 (—0.04 o 0L04) el
Trabecular thickness {mm)® 0.1 + 0,02 0.1 =002 A8 000s (—010 po U200 A1 —0.01 a4 002 (=002 co 0LU05) 40
Trabecular separation {mm ¥ 067 + 0.40 065 +0.31 .11 013 (001 to OL2T) AR —0.05 02 —0uMy (—0.03 to 0L04) BS
Cortical porosicy (%)= 522 +3.3 4.86 + 3.2 wl OV L2 (009 to 0L 35F) .01 —0u05 01 =006 (—010 0w —002) «==.01
HER-pQCT—altradistal dbia
Total arca {mm?)° T43.3 + 7193 + J0% 0 G2T (0009 to 0L33) <L —0u00 97 —00Ds (—000S o —0L03) <001
110.1 105.3
Cortical area {mm?) TEOD+24.8 FEAS+Z30 05 0 —0A8{—0.32 wo —0.03F) 02 o4 03 0.03 (—0000 oo 0.07) A7
Total vBMD I:mE."-L‘.ITIj:Ic 2198+ 51.9% 2266476 0% —016 (—0.31 to —0.02) .03 os 01 0.04 (0000 oo 0.08) A3
Cortical vBMD |.J'l.'l.E,u"-:_—.r.l'l3 ¥ TIBB+T7.8 TIRExe6R2Z2 07 =019 {—-0.34 to —0.05) .01 o3 11 0u04 (000D oo 0U08) 04
Trabecular ¥BMD I::I'.I'Ig.-"l:l.'l':f-I 1441 + 38.4 148353 350 37 —0.06 (—0.21 vo 0.05%) e oLos 01 0.02 (—000] o 0U06) 21
Periosteal circomference (mm)© 107.0 + 7.8 1059+ 7.7 07 022 {011 to 0L34) < W DLy 9 —0006w (—0009 o — 003 < 001
Trabecular BVITV (%:)° 120+ 3.2 122+ 29 Sae o —000s (=021 vo D005 . oLos 01 0.02 (—000] o 0L06) 21
Trabecular thickness {mm)© 0.1 + 0.0 0.1 £+ 0.0 Sae 0 0009 (=024 vo D006 25 o3 11 0.05 (0,01 oo 000 01
Trabecular scparation {mm)© 050 +0.13 049 +0.15 S5 0 000D (—0.14 po OL1S5) B35 —0.03 08 0,01 (—002 o 0L0F) A8
Cortical porosity (%)™ 11.895 £ 5.6 11,88+ 5.2 .63 0LO5[(—0.11 ve 0.20) A5 — 000 Sa —0001 (—0.05 o 0L03) &7




The Association of Anemia and Hemoglobin Level to Risk of
Incident Fracture and Death

The associations between anemia and Hb level with the risk of incident
fractures are presented In Table 3. The median follow-up time was 6.4
years, 148 (5.3%) hip fractures, 601 (21.6%) MOFs, 734 (26.4%) any
fractures, and 344 (12.4%) deaths occurred.

The prevalence of anemia was associated with an increased risk for hip
fracture (hazard ratio [HR] 1.75, 95% CI 1.06-2.90), MOF (HR 1.85,
1.43-2.41), and any fracture (HR 1.80, 1.41-2.28).



In models with identical adjustments but per SD decrease in Hb levels,
there was an increased risk for hip fracture (HR 1.19, 1.01-1.39), MOF
(HR 1.22,1.12-1.32), and any fracture (HR 1.23, 1.14-1.33;).

Similar results were obtained when considering death as a competing
risk in addition to all adjustments in models by Fine and Gray.

The HRs did not change with the addition of falls (1 or more during
the last 12 months) as a covariate to fully adjusted models (HR per SD
decrease in Hb: hip fracture 1.18, 1.00-1.38; MOF 1.21, 1.12-1.31,; and
any fracture 1.23, 1.14-1.32).




Similarly, the fracture risks were largely unaffected by adding eGFR
as an additional adjustment to already fully adjusted models (HR per
SD decrease in Hb: hip fracture 1.18, 1.00-1.38; MOF 1.22, 1.12-1.32,;
and any fracture 1.24, 1.15-1.33).

The fracture risks were largely unaffected by adding previous
osteoporosis treatment as an additional adjustment to already fully
adjusted models (HR per SD decrease in Hb: hip fracture 1.18, 1.01-
1.39; MOF 1.21, 1.12-1.31; and any fracture 1.23, 1.14-1.32).



Table 3. The association of anemia and hemoglobin level to the risk of incident fracture and death

Hip(95% CI) P MOF(95%CI) P Any(95%Cl) P Death(95%C) P
Anemia
Crude 23(130t0348) 003 204(158t0264) <001 200{158t0253) <001 206 (14910286 <.001
Adjusted 117133 to 3.56) .00 210(1e3tol72) <001 106(l6ltolsl) <001 210(106te1.21) <.001
+CRFs L0514 wi37) .0 L0356t 263) <001 1.94{151twlds) <001 2.07(14%t0 1.88) <001
+FN BMD 1.75 (1.06 to 2.90) .03 1.85 (143 0 2.41) <001 1.80(1.41to 2.28) <.001
Adused SHR 1630971276 07 173(132w0228) <001 170(133t0219) <001
Hb level (per SD decrease]
Crude IB10Mw01d) 0 1B31Bwld3) <00 125(116wld) <001 112(101w125) 04
Adjusted 1.23 (1.05 to 1.45) .01 124 (115 to 1.35) <001 126117t 1.36) <001 113(1.02to1.26) .02
+CRFs 121 (1.0 to 1.42) .03 123 (1130 1.33) <001 1241115t 1.34) <001 L14(1.02te1.27) .02
+FN BMD L19(1.01 to 1.39)  .0M 1220112t 1.32) <001 123 (L14tw 1.33) <.001
Adjusted SHR 118100 t0 1.38) <05 120(L10t0 1.30) <001 122{L16t1.31) <.001




There were minor differences in fracture risks when adding serum
albumin as a covariate to already fully adjusted models (HR per SD
decrease In Hb: hip fracture 1.15, 0.97-1.35; MOF 1.18, 1.09-1.29; and
any fracture 1.21, 1.12-1.30).

Similar results were obtained when adding diabetes mellitus as a
covariate to fully adjusted models (HR per SD decrease in Hb: hip
fracture 1.18, 1.01-1.39; MOF 1.21, 1.11-1.31; and any fracture 1.23,
1.14-1.32).

The prevalence of anemia was associated with an increased risk of death
(HR 2.06, 1.49-2.86) and similarly decreasing levels of Hb (HR per SD
decrease 1.12, 1.01-1.25; ).



The associations remained largely unaffected following adjustments
(adjusted for age, height, weight, and FRAX CRFs; ). The adjusted spline
regression curves for hip and MOF, and any fracture according to Hb
levels revealed no apparent nonlinear associations.

The relationship between the incidence rate of death and Hb levels had its
nadir at approximately median Hb 13.6 g/dL from which It increased
with increasing levels of Hb (Fig. 1).
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Figure 1. The relationship betwean hemoglobin level (HE) and incidenca ratas for fracture and death. Spline Poisson regrassion curves (continuous
lines) with 85% Cl (dashead lines) adjusted for age, height, and weight z2ra shown for hip fracture (&), major ostecporotic fractura (MOF] [B), any fracture
{Ch, and death (D).



Hb Levels and Fracture Probabilities

For a 75-year-old woman with BMI 26 kg/m2, no CRFs, and without considering FN
BMD, the 10-year probability of MOF with Hb included in the model ranged from
25.9% to 14.8% at the 10th and 90th percentile of Hb, respectively (Fig. 2Aand Table 4).
This corresponded to a ratio of 1.2 and 0.7 at the 10th and 90th percentile of Hb,
respectively, when comparing the 10-year probability of MOF assessed in models with
Hb included and not included. Similar results were obtained for an 80-year-old woman
under the same conditions (Table 4). The relationship between the ratio of probabilities
calculated with and without Hb to the level of Hb is illustrated in Fig. 2B.
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Table 4. Ten-year probabilities of MOF with and without considering Hb

Age 10-year 10-year probability of MOF with Hb Ratio between 10-year probabilities of ~ Ratio between 10-year
probability of MOF calculated with and without Hb probabilities of MOF
MOF calculated with Hb at the

10th and 90th percentile to
median Hb (13.6)

Hh=112 Hb=136 Hb=149% Hb=122 Hb=136 Hb=149 Hb=121 Hb=149
(10th perc.)  (50th perc.) (90thperc.) (10thperc) (S0t perc.) (%0th perc.) (10th perc.)  (90th perc.)

75110 159 19.8 14.5 1.23 (.94 0.70 1.31 (.75
80 181 3.3 178 1.6 1.22 0.99 0.77 1.13 0.78

The 10-year probabilities for MOF are derved from extended Poisson regression models extrapolated to 10 years. The probabilities presented are for women
aped 75 and 80 years, with cohort mean BMI (26 kg/m®), no CRFs and without considering FN BMID. The 10-year probabilities of MOF, when Hb s included,
are shown for the 10th, 50th and 90th percentiles of Hb. The fourth column presents the MOF probability ratios calculated with Hb included to Hb not
inchuded. The fifth column presents the MOF probability ratios with Hb between the 10th and 90th percentile of Hb to median Hb. When Hb s included in a
mode] it contributes as a spline function. All Hb values are g/dLL

Abbreviations: BMI, body mass index; Hb, hemoglobing MOF, major osteoporotic fracture.



Discussion

We found an increased risk of fracture with both the prevalence of anemia
and decreasing levels of Hb. The increased risk was independent of FRAX
CRFs and FN BMD and when considering death as a competing event.

Hb levels had a substantial effect on 10-year fracture probabilities where
the probability was underestimated In patients with low Hb levels and
overestimated in patients with high Hb levels.

Anemia and low Hb levels were also associated with BMD at the femoral
neck and total hip, as well as with cortical vBMD and porosity of the tibia,
Indicating that bone fragility with low Hb iIs due to a primarily affected

cortical bone.



There are lacks of consensus regarding the association between anemia and
fracture in women. A population-based study in Tromsg, Norway, including
2775 postmenopausal women reported no increased risk of non vertebral
fracture with anemia or with decreasing Hb level after adjustment for
confounders.

Norwegian cohort was based on younger postmenopausal women,
analyzed the risk for a different category of Incident fractures
(nonvertebral), and adjusted for different confounders than in the present
analysis. Only 2.3% of the women were anemic in the Norwegian study
compared with 6.7% In the present study, likely because of the lower mean
age.




A possible explanation for the differing results may be an age- dependent
fracture risk increase due to anemia.

Another large study of women with a similar age distribution to the
Norwegian study found increased risks of hip, spine, and any type of fracture
with anemia.

Most previous studies have analyzed the association of fracture risk with
anemia as a dichotomous variable, without investigating Hb levels as a
continuous variable.



Interestingly, our results reveal that there is little to support the use of
anemia cut-off levels.

There 1s a continuous rise In fracture risk with decreasing Hb levels,
displaying a close to linear association. Using the actual Hb level instead
of only the anemia diagnosis as a contributing risk factor for fracture.
Additionally, anemia cut-off levels are based on statistical cut-offs not
linked to any physiological or health outcomes, and applying these cut-
offs to fracture risk assessment seems to have no basis.



Our results indicate that there Is a divergence between the risk of fracture
and the risk of death as the incidence rate of death seems to increase
above the median Hb level.

Primary erythrocytosis is well known to be associated with an increased
risk of thrombosis and mortality, although not very common with a
prevalence of approximately 0.4% in women and thus unlikely to entirely
explain this discrepancy.

However, we speculate that the more common type, secondary
erythrocytosis, caused by factors such general tissue hypoxia (smoking,
obstructive sleep apnea, and hypoxic lung disease, etc.) and local renal
hypoxia (renal artery stenosis and hydronephrosis, etc.), explain some of
the Increased incidence of death.



The increased risk of death would act as an increasing competing risk to
the fracture risk analysis, explaining lower incidence of fracture. This was
analyzed in the competing risk analysis using the Fine and Gray method,
showing little or no difference in magnitude or significance.

Analyzing skeletal characteristics with traditional DXA methodology, we
found that women with anemia had lower FN BMD and total hip aBMD
but without any associations with Hb levels. In previously published
studies, stronger associations with aBMD loss have been found. There Is
very limited research on the associations between HR-pQCT variables and
anemia, with only a few studies on subjects with specific conditions such
as thalassemia.



Our study Is the first to analyze the associations between bone variables
assessed by HR-pQCT and anemia and/or Hb level in a population-based
cohort setting. We found associations between anemia, Hb level, and
predominantly cortical bone variables, such as cortical area, cortical
vBMD, and cortical porosity. We hypothesize that this association could
be due to cortical bone, as, compared with trabecular bone, Is more
dependent on Hb levels for a sufficient supply of oxygen while the
Increased vascularization of trabecular bone renders it more independent
of Hb levels. This may be a contributing mechanism through which Hb
levels affect fracture risk.




The lack of associations with traditional DXA-derived BMD could be
the result of DXA BMD relying on cortical and trabecular BMD, as well
as bone size, making it difficult to identify any factor that Is
predominantly associated with any of these specific traits.

In support of our results, a study analyzing variables derived from pQCT
of tibia In relation to anemia and Hb levels found that anemia was
negatively associated with total and cortical vBMD, and Hb levels were

positively associated with the same variables in addition to trabecular
vBMD.



The results from the present study have several clinical implications.

First, our results indicate that anemia, or more appropriately Hb levels, are
significantly and independently associated with fracture risk and thus
should be considered as an additional factor when assessing fracture risk in
older women.

Our results demonstrate that Hb levels contributed to the 10-year
probabilities of MOF as calculated by methods similar to those used in the
FRAX algorithm.



However, it should be emphasized that additional studies confirming
our results In patients with a wider range of age and other settings are
necessary prior to any general recommendations regarding the use of
Hb levels in adjusting 10-year fracture probabilities.

If these findings are confirmed, Hb-derived multipliers can be used to
calculate Hb-adjusted FRAX 10-year probabilities, as previously
proposed for adjustment of FRAX probabilities for oral glucocorticoid
use, recent fracture, and previous falls.



Analyzing the Hb concentration requires few resources, Is part of a standard
clinical evaluation, and it is likely that many of the individuals being assessed
In terms of fracture risk already have a recent Hb result available. Thus,
Incorporating Hb levels into fracture risk prediction is likely feasible from a
resource point of view.

Among the strengths of this study Is the size of the cohort, the extensive
characterization of participants, with both HRpQCT and DXA, access to data
for a large number of CRFs, and potential confounders, as well as high-
quality fracture outcome data, using x-ray verification of fractures.



The present study also has limitations, including the cross-sectional design
relying on single measurements of Hb and BMD, not allowing inferences of
causality, or reversibility of risk due to Hb levels. Not all participating
women were included in the analyses, due to missing data on Hb levels or
due to insufficient image quality of HRpQCT images, which could have
affected the results. Unfortunately, none of the collected data made it
possible to make any inferences about different etiologies of anemia and
fracture risk. Additionally, the study is limited In that no data on
hematological disorders were known.



In conclusion, anemia and decreasing levels of Hb are associated with
lower BMD, worse cortical bone traits, and incident fracture,
Independently of FRAX CRFs and BMD In older women. Considering
Hb levels may improve the clinical evaluation of patients with

osteoporosis and assessment of fracture risk.
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