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Abstract

Interest in niacin has increased in the setting of reports suggesting that niacin plays a role in 

diseases of aging. No study to date has examined the association of dietary niacin intake with 

multiple skeletal health parameters including bone mineral density (BMD), hip fractures, and body 

composition, and none have included both African American and white men and women. 

Participants included 5187 men and women ≥65 years from the Cardiovascular Health Study 

(CHS). Mean daily dietary niacin intake was 32.6 mg, with quartiles 1 through 4 defined as 3.6 to 
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21.8 mg/day, 21.9 to 30.2 mg/day, 30.3 to 40.9 mg/day, and 41.0 to 102.4 mg/day, respectively. 

Risk of incident hip fracture per 10 mg increment of daily dietary niacin intake was estimated 

using proportional hazards models. During a median follow-up of 13 years, 725 participants had 

an incident hip fracture. In models adjusted for demographic and clinical characteristics and diet, 

dietary niacin intake was significantly associated with an increased risk of hip fractures (hazard 

ratio [HR] 1.12; 95% CI, 1.01 to 1.24) with spline models suggesting a U-shaped association. In 

post hoc analyses, both the lowest (HR 1.31; 95% CI, 1.04 to 1.66) and highest (HR 1.53; 95% CI, 

1.20 to 1.95) quartiles of niacin intake were associated with an increased risk of incident hip 

fracture versus quartiles 2 and 3. There was a trend for a significant inverse association of dietary 

niacin intake with hip BMD (p = 0.06), but no significant association with total body BMD or any 

body composition measures. In this cohort of elderly, community-dwelling African American and 

white men and women, both high and low dietary niacin intakes were associated with a 

significantly increased risk of subsequent hip fracture, suggesting a possible U-shaped association. 

By comparison, dietary niacin may have an inverse linear association with hip BMD.
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Introduction

Nutrient deficiencies can accelerate loss of bone mineral density (BMD) and increase the 

propensity to fall, both of which are major causes of hip fracture among community-

dwelling elderly populations (1–3). Niacin is a B3 vitamin that may be obtained from the 

diet (in particular from yeast, milk, meat, cereals, legumes, seeds, fish, coffee, tea, and green 

leafy vegetables) (4) or synthesized in vivo through the tryptophan pathway (5). Potential 

beneficial mechanisms of action of niacin on bone are through decreased inflammation and 

regulation of NAD-dependent deacetylase Sirtuin 1 (SIRT1 expression) (6). Niacin 

decreases C-reactive protein (CRP) levels (7, 8); higher levels of CRP are associated with 

fractures in elderly women (9) and lower levels are associated with higher BMD in pre and 

postmenopausal women (10). However, higher niacin intake may also have adverse skeletal 

effects, because niacin stimulates prostaglandin D2 (PGD2) and serotonin release. PGD2 

stimulates osteoblastogenesis and peripheral serotonin may have a negative impact on bone 

(11, 12). Few human studies have examined the relationship of niacin intake with 

osteoporosis; these have had conflicting findings (13–16) and none have included 

measurements of body composition. Therefore, the purpose of this study was to determine 

the association between dietary intake of niacin and incident hip fractures and DXA-derived 

measurements of BMD of the hip and body composition.

Materials and Methods

Participants

The Cardiovascular Health Study (CHS) is a longitudinal, community-based study of older 

men and women (age ≥65 years) designed to determine the factors that predict development 

and progression of cardiovascular disease (11). Participants were recruited through random 
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sampling from Medicare eligibility lists at four locations: Forsyth County, North Carolina; 

Sacramento County, California; Washington County, Maryland; and Allegheny County, 

Pennsylvania. Participants were excluded if they were institutionalized, required a proxy to 

complete informed consent, were planning to move out of the area within 3 years of 

recruitment, required a wheelchair in the home, were receiving hospice care, or were 

undergoing radiation or chemotherapy for cancer. The main cohort of 5201 participants were 

enrolled between June 10, 1989, and May 30, 1990, at which time dietary data were 

collected using a food frequency questionnaire (FFQ). For the present analyses, participants 

who reported extremes of total energy intake (≤500 kcal/day or ≥5000 kcal/day) were 

excluded. The remaining 5187 participants from the CHS main cohort were assessed for risk 

of incident hip fractures. Within this group, 1336 had BMD measured using DXA during the 

1994–1995 visit at either of two of the four CHS sites, the Allegheny County and 

Sacramento County centers, and were included in the BMD and body composition analyses 

(Figure 1). The institutional review board (IRB) at the coordinating center and each study 

site approved the CHS and all participants provided written informed consent.

Dietary Niacin Intake

Daily dietary niacin intake was estimated at the 1989–1990 CHS visit by administration of a 

qualitative, picture-sort, FFQ. Dietary intake was estimated by asking each participant to sort 

a deck of 99 cards, each with a picture of a food or food group, into five categories, 

according to how often they ate the pictured food: almost every day; one to four times per 

week; one to three times per month; five to 10 times per year; or never. The resulting food 

frequencies were then converted to mean daily nutrient intakes using information from the 

National Cancer Institute nutrient database (18). Studies on the relative validity of this 

questionnaire in a substudy in CHS reported that estimates of mean nutrient intakes from 

this picture-sort questionnaire were comparable with estimates based on 24-hour recalls, and 

correlations with reference data were similar to those reported in the literature for 

conventionally administered FFQs (19).

Outcomes

Incident Hip Fractures—Incident hip fractures were defined by a hospital discharge 

International Classification of Diseases, Ninth Revision (ICD-9), code 820.xx. Among 

those, no one had a code for hardware revisions (ICD-9 78.65 or 81.53). CHS obtained all 

hospitalization data, including discharge summaries, from participants every 6 months. 

These data were checked against Medicare claims data to identify any hospitalizations not 

reported by participants and Centers for Medicare & Medicaid Services (CMS) Part A data 

were obtained for all Medicare fee-for-service beneficiaries through June 2013. In addition, 

CHS conducted surveillance activities and identified incident events and hospitalizations for 

Medicare beneficiaries enrolled in managed care plans and for those treated at Veterans 

Administration Hospitals. Discharge summaries from the hospitalized events were obtained 

so that the CHS hospitalization database would include discharge diagnoses for all 

participants (20). Surveillance activities consisted of calling a participant every 6 months 

and asking about hospitalizations. If he or she was hospitalized, records were obtained. If the 

participant was unavailable, a proxy was contacted. Because this CHS active surveillance 

provided information on the CMS non–fee-for-service hospitalizations, we were able to 
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include all participants and all available follow-up time in the analysis. Hip fractures caused 

by motor vehicle accidents or severe injury (E810.xx to E825.xx) were excluded. Follow-up 

for incident hip fracture began in 1989–1990 (following FFQ collection) and was continued 

to a hip fracture event, death, loss to follow-up, or June 30, 2013, whichever occurred first.

Bone Density and Body Composition Measurements—Total hip and total body 

BMD were measured in participants at the 1994–1995 study visits using Hologic QDR-2000 

densitometers (Hologic, Inc., Waltham, MA, USA) and read centrally at the University of 

California San Francisco reading center using Hologic software, version 7.10. All scans 

were completed using the array beam mode. Standardized positioning and use of QDR 

software was based on the manufacturer’s recommended protocol. The coefficient of 

variation for the total hip BMD was 0.75% (21). Body composition measurements, including 

percent fat, total fat, percent lean, total lean and total body mass, were also obtained (22).

Covariates—The covariates chosen were assessed in 1989–1990. Age, gender, and race 

were determined by participant self-report. Body weight was measured using a calibrated 

balance beam scale. Height was measured with a wall-mounted stadiometer. Height and 

weight were used to calculate body mass index (BMI) in kg/m2. Renal function was assessed 

by cystatin C using a particle-enhanced immunonephelometric assay by the BN II 

nephelometer (Dade Behring, Deerfield, IL, USA) in stored fasting blood samples 

(intraassay coefficients of variation: 2.0% to 2.8%; interassay coefficients of variation: 2.3% 

to 3.1%) (23).

A history of diabetes was defined as use of hypoglycemic agents, nonfasting glucose ≥200 

mg/dL, or fasting glucose level ≥126 mg/day. Impaired fasting glucose was defined as a 

blood glucose between 100 and 125 mg/dL The highest level of education achieved (≥12th 

grade or <12th grade); dietary intakes of calcium, vitamin D, total energy, and protein; and 

physical activity (total kcal/week) were self-reported by participants. Medication use was 

determined by review of prescription bottle labels for medications currently used by the 

participant (24). Estrogen, estrogen/progesterone, loop diuretics, thiazides, thyroid 

medications, antidepressants, antipsychotics, benzodiazepines, oral corticosteroids, and 

osteoporosis medications were included in the analyses. Smoking history (current, former, 

never) and alcohol use (0 drinks/week, 1 to 7 drinks/week, >7 drinks/week) were self-

reported by participants. Prior reports have reported significant relationships between frailty 

and osteoporotic fractures. Further, it has been suggested that frailty may be in the causative 

pathway of fractures (25); thus, frailty status was included. Frailty was categorized using the 

following criteria: unintentional weight loss of ≥10 pounds in past year, self-reported 

exhaustion, low physical activity, weak grip strength, and low walking speed.

Grip strength was calculated as the mean of three serial measurements of the dominant 

hand-adjusted for gender and BMI with cutoffs in men and women as given in Table 1.

Walking speed (timed walk over 4.57 m or 15 feet at usual pace by height and gender) was 

defined in men and women as given in Table 2.
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Frailty was defined by the presence of three or more of the following criteria: Unintentional 

weight loss, weakness, self-reported poor energy, slow walking speed, and low physical 

activity; intermediate (pre-frail) was defined as having two or more of these criteria (26, 27).

C-reactive protein (CRP) was measured as a marker of inflammation. CRP was measured in 

CHS by use of an enzyme-linked immunosorbent assay developed at the CHS central blood 

laboratory. It was a colorimetric competitive immunoassay that uses purified protein and 

polyclonal anti-CRP antibodies. The interassay coefficient of variation was 5.5% (28, 29).

Statistical Analyses

Owing to differences in the natural history of hip fractures between men and women, we 

performed a priori analyses combining both genders and stratifying by gender. Descriptive 

characteristics were compared across quartiles of daily dietary niacin intake with linear trend 

tests for continuous variables and chi-square tests for categorical variables. Cox proportional 

hazard models were used to estimate the hazard ratio (HR) of incident hip fracture 

associated with dietary niacin intake. Several nested models were used: M0 = unadjusted; 

M1 = adjusting for age, gender, race, and clinic site; M2 = further adjusting for BMI, 

cystatin C, diabetes, education, calcium and vitamin D intake, medication use, smoking, 

alcohol, and frailty status; and M3 = (final multivariable adjusted models) further adjusting 

for total energy (caloric) intake (kcal/day) and protein intake. In the subcohort with BMD 

measurements, linear regression analysis was used to estimate the association between 

dietary niacin intake and total hip and total body BMD values. Further, we estimated 

associations between dietary niacin intake and body composition measures of total mass, 

total lean mass, total fat mass, percentage of fat mass, and percentage of lean mass.

We used niacin on a continuous linear scale. To address the parametric assumption of 

linearity of niacin in the models, we used generalized additive models (GAMs) with splines 

for niacin. We found no departures from linearity in linear regression for BMD sites and the 

body composition measures. The GAM for modeling incident hip fracture hazard suggested 

some departures from linearity (Figure 2), which when formally testing based on 

permutations (30) confirmed departures of linearity (p = 0.002). Thus, in a post hoc analysis, 

we further modeled niacin as contrasts between values of 21.8 mg/day and 40.9 mg/day 

(combined category of quartile 2 and 3) versus values below 21.8 mg/day and values above 

40.8 mg/day.

We further performed two sensitivity analyses: (i) including those who had DXA 

measurements in the hip fracture analyses; and (ii) excluding the 13 persons who were 

taking supplemental niacin.

Recommended Dietary Allowances (RDAs) for nutrients are of importance as they are 

utilized in both the food and health fields and serve as the basis for the US Food and Drug 

Administration’s (FDA) standards for nutrition labeling of food (31). Accordingly, we 

determined the relationship of niacin intake by RDAs for niacin (2) (11 mg/day for women 

and 14 mg/day for men) in Cox regression for hip fracture and linear regression for BMDs 

and body composition measures.
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We also computed the population attributable risk for niacin intake (32), based on binary 

exposure of low or high niacin (defined as lower than 21.8 mg/day or 41.0 to 102.4 mg/day) 

compared with intermediate values (21.8 to 40.9 mg/day) using a Cox regression hazard 

model fully adjusted (MV3) at 5 years, 10 years, 15 years, 20 years, and 25 years by gender.

Values of p and confidence intervals are not adjusted for multiple testing. A p value of 0.10 

is considered significant for interactions. Analyses were conducted using R environment for 

statistical computing (33).

Results

The mean dietary intake of niacin in CHS at baseline (1988–1989) was 32.6 mg/day (range, 

3.6 to 102.4 mg/day) (quartile 1: 3.6 to 21.8 mg/day; quartile 2: 21.9 to 30.2 mg/day; 

quartile 3: 30.3 to 40.9 mg/day; and quartile 4: 41.0 to 102.4 mg/day). The distribution of 

niacin intakes in the form of a histogram is shown in Figure 3.

Baseline characteristics of the study population overall and by quartiles of dietary niacin 

intake are shown in Table 3. There were significant differences in gender, education level, 

intakes of total energy, protein, calcium, and vitamin D use of bisphosphonates (p = 0.02), 

and smoking status (p = 0.03) by quartile of dietary niacin intake (Table 3). The mean 

dietary intakes of niacin were significantly higher in men than women (by 1.26 mg/day) (p = 

0.003) but were not significantly associated with age.

The overall incidence rate for hip fractures was 1.08 per 100 person-years (95% CI, 0.91 to 

1.3) overall, including 535 hip fractures in 2956 women with an incidence rate of 1.30 per 

100 person-years of follow-up (95% CI, 1.14 to 1.48); and 190 hip fractures in 2231 men 

with an incidence rate of 0.73 per 100 person-years of follow-up (95% CI, 0.44 to 1.21). The 

log-rank test across quartiles of niacin intake was significant (p = 4 × 10−4) (Figure 4). In 

final multivariable-adjusted models (MV3), higher dietary niacin intake (each 10 mg/day 

increment) was significantly associated with hip fractures in overall models (HR 1.12; 95% 

CI, 1.01 to 1.24) and in women (HR 1.15; 95% CI, 1.03 to 1.30), but not in men (HR 1.11; 

95% CI, 0.89 to 1.39) (Table 4).

In the population of 1336 men and women with available DXA measurements, final 

multivariable adjusted models (MV3), there was a trend for a significant inverse association 

of niacin intake with hip BMD (p = 0.06) in overall models and in women (p = 0.05), but not 

in men (Table 5). There was no significant association of niacin intake with total body BMD 

or any measures of body composition in multivariable adjusted models overall or by gender 

(Table 5).

There was no significant interaction of CRP concentrations with the association of niacin 

intake with incident hip fracture, BMD or any measurement of body, although higher niacin 

intakes were associated with lower CRP (data not shown). There were no significant 

associations of niacin intake stratified by RDA (2) intakes for niacin (11 mg/day for women 

and 14 mg/day for men) in any models for hip fracture, BMD, or body composition (data not 

shown).

Carbone et al. Page 6

J Bone Miner Res. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In the post hoc analysis in final multivariable adjusted models (MV3), persons with a niacin 

intake below 21.8 mg/day had a hip fracture HR of 1.31 (95% CI, 1.04 to 1.66) compared to 

persons with a niacin intake range of 21.9 to 40.9 mg/day, and persons with a niacin intake 

above 40.9 mg/day had a hip fracture HR of 1.53 (95% CI, 1.20 to 1.95) compared to those 

with a niacin intake of 21.9 to 40.9 mg/day. Gender-stratified estimates in women comparing 

those with niacin intake above 40.9 mg/day to those between 21.9 and 40.9 mg/day were 

also significant (HR 1.60; 95% CI, 1.20 to 2.14), with a trend for significance in men (HR 

1.69; 95% CI, 1.00 to 2.84) (Table 6).

The sensitivity analysis including femoral neck BMD in the final multivariable model was 

only able to include the1336 persons (184 hip fractures) with valid DXA measurements. The 

HR contrasting participants with niacin intake above 40.9 mg/day with those between 21.9 

and 40.9 mg/day remains significant in MV3 in this small population, and the magnitudes 

are similar in both models (MV3: HR 1.63; 95% CI, 1.02 to 2.61; p = 0.041; and MV4 

[including femoral neck BMD]: HR 1.63; 95% CI, 1.03 to 2.6; p = 0.038); the HR 

comparing individuals with lower niacin intake was not significant in either model. Second 

sensitivity analyses, excluding the 13 patients on supplemental niacin, showed no 

meaningful differences from the main analyses (data not shown). The population attributable 

risk for low or high niacin intake versus intermediate intakes, by gender shown in Table 7.

Discussion

In this cohort of older community-dwelling women and men, we found a significant positive 

association between dietary niacin intake and risk of incident hip fractures, with spline 

analyses suggesting a U-shaped association and categorical analyses showing highest risk in 

the lowest and highest quartiles of dietary intake. Dietary niacin intake also was associated 

with a significant trend for lower hip BMD.

Previous reports of the association of niacin intake with skeletal health in humans have 

yielded conflicting findings. In a cross-sectional study including 137 postmenopausal (ages 

39 to 60 years) Japanese women, niacin intake was not significantly associated with BMD at 

the calcaneus (13). In the Singapore Chinese Health Study, a population-based prospective 

cohort study that enrolled 63,257 men and women ages 45 to 74 years between 1993 and 

1998, dietary intake of niacin was not associated with hip fracture after a mean follow-up of 

13.8 years (14). In contrast, in 100 Polish women aged 51 to 70 years, those with 

osteoporosis had a 16% lower dietary intake of niacin than those without osteoporosis (15). 

Another study reported reduced cortical bone area in rib bone biopsies in 26 patients with 

pellagra (16). There are a number of mechanisms by which dietary niacin may be associated 

with skeletal health. In experimental studies in chicks, supplemental niacin was associated 

with adverse effects on both bone strength (34) and geometry (35) although mechanisms for 

these findings were not discussed. Mechanistically, niacin intake may have adverse skeletal 

effects because niacin stimulates prostaglandin D2 (PGD2) and serotonin release. PGD2 

stimulates osteoblastogenesis and peripheral serotonin may have a negative impact on bone 

(11, 12). Conversely, niacin may also have positive effects on bone through its effects on 

SIRT1 gene expression (6, 36) and by decreasing inflammation (7). It is possible that these 

opposing effects on bone from niacin intake are a function of the specific amount of dietary 
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intake, with lower and higher intakes placing one at risk for osteoporosis. Our data 

suggesting that high dietary niacin intake may be associated with osteoporosis is in contrast 

with the concept that there are no adverse effects from naturally occurring niacin from food 

(37). In agreement with the idea that dietary intake of niacin needs to be considered with 

respect to disease states, a recent meta-analysis suggested that the limits of nicotinic acid for 

nutritional supplements should be reconsidered, and that appropriate limits may differ for 

healthy versus disease states (38). Our findings in CHS suggest that trials including niacin 

intake for diseases of the aging, in particular, studies including patients at high risk for 

fracture, should include assessments of BMD and incident fractures and measure 

concentrations of niacin to understand more about the apparently complex association of 

niacin with BMD and osteoporosis, with careful consideration of different levels of dietary 

intake of niacin.

This study has a number of important strengths. To date, it is the largest study to examine the 

association of dietary niacin intake with risk of incident hip fracture including elderly white 

and African American women and men. It is the first study to evaluate the association of 

dietary niacin intake with body composition measures. The analyses also controlled for 

potentially important covariates, including physical activity that may interact with nutrition 

on bone parameters and inflammation (39).

The study also has several limitations. To start, misclassification of dietary intake of niacin 

may have occurred. The analyses relied on a one-time assessment of dietary niacin intake 

and the diets of study participants may have changed over time. There is no published 

information on changes in dietary intakes of niacin in persons in CHS. The findings were 

from an elderly cohort of men and women and may not be generalizable to other 

populations. The time gap between diet assessments and DXA measurements was 5 years, 

with niacin intake assessed at the baseline visit of CHS during years 1988–1989 and the 

DXA measurements in years 1994–1995. Further, we did not have serial DXAs to determine 

changes in BMD. We did not have urinary measurements of vitamin B3, which would have 

reflected recent dietary intake (40); we also did not measure blood levels of vitamin B3 (41). 

There were few hip fractures in men (n = 190) and we may not have had sufficient power to 

examine the association of dietary niacin intake with hip fractures in men. Finally, a recent 

editorial indicated the numerous challenges in nutritional epidemiological research that 

remain a potential issue in this study, including that relatively uncommon chemicals within 

food or components that appear only under specific conditions, genetic background, and 

other environmental exposures (42) which may be influencing our findings that we were not 

able to account for. Our findings are strictly that there is an epidemiological association of 

dietary intake of niacin with osteoporosis and in no way should this be misconstrued as a 

causative effect.

In conclusion, in this cohort of older community-dwelling women and men, our preliminary 

findings suggest that there is a weak association between dietary niacin intakes and hip 

fracture risk. However, replication in future studies in other cohorts is imperative and 

inclusion of measurements of urinary and blood concentrations of vitamin B3 should be 

considered.
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Figure 1: 
Analytic Cohort
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Figure 2: 
Generalized additive model for MV3 with 95% pointwise confidence interval. Quartiles of 

niacin are highlighted.
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Figure 3. 
Histogram. Distribution of niacin intakes.
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Figure 4. 
Kaplan–Meier plot of probability of staying hip fracture free among alive individuals by 

quartiles of niacin.
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Table 1.

Grip Strength in Men and Women by BMI Cutoffs

Grip Strength

Men

BMI ≤24 ≤29

BMI 24.1–26 ≤30

BMI 26.1–28 ≤30

BMI >28 ≤32

Women

BMI ≤23 ≤17

BMI 23.1–26 ≤17.3

BMI 26.1–29 ≤18

BMI >29 ≤21

Grip strength (in kg) was calculated as the mean of three serial measurements of the dominant hand, adjusted for gender and BMI with cutoffs (in 
kg/m2) in men and women.
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Table 2.

Walking Speed by Height and Gender

Walking speed (m/s)

Men

Height ≤173cm ≥0.65m/s

Height >173cm ≥0.76m/s

Women

Height ≤159cm ≥0.65m/s

Height >159cm ≥0.76m/s

Walking speed was determined by timed walk over 4.57 m (15 feet) at usual pace.
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Table 4:

Risk of Incident Hip Fractures by Daily Dietary Niacin Intake (per 10 mg/day)

All (n=725/5187) Women (n=535/2956) Men (n=190/2231)

HR (95% CI) HR (95% CI) HR (95% CI)

MV0 1.04 (0.99,1.10) 1.05 (1.00, 1.11) 1.04 (0.94, 1.15)

MV1 1.05 (1.00,1.10) 1.05 (0.99, 1.12) 1.04 (0.94, 1.15)

MV2 1.06 (0.97,1.16) 1.06 (0.96,1.17) 1.12 (0.92,1.36)

MV3 1.12 (1.01,1.24) 1.15 (1.03,1.30) 1.11 (0.89,1.39)

MV0: unadjusted

MV1: age, gender, race, clinic site

MV2: age, gender, race, clinic site, BMI, cystatin C, physical activity, diabetes, education, calcium and vitamin D intake, medication use, smoking, 
alcohol and frailty

MV3: age, gender, race, clinic site, BMI, cystatin C, diabetes, education, calcium and vitamin D intake, medication use, smoking, alcohol, frailty, 
calories, protein intake

J Bone Miner Res. Author manuscript; available in PMC 2020 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carbone et al. Page 21

Table 5.

Association of Bone Mineral Density and Body Composition Measurements with Dietary Niacin Intake

β SE 95%CI P-Value

All

Total Hip BMD

MV0 −0.02 0.30 (−0.80,0.50) 0.63

MV1 −0.40 0.30 (−1.00,0.10) 0.10

MV2 −0.90 0.40 (−1.70,−0.10) 0.04

MV3 −0.90 0.50 (−1.90,0.00) 0.06

Total BMD

MV0 0.20 0.30 (−0.40,0.80) 0.54

MV1 −0.10 0.20 (−0.60,0.30) 0.54

MV2 −0.70 0.40 (−1.40,0.00) 0.06

MV3 −0.40 0.40 (−1.30,0.40) 0.29

Percent Fat

MV0 −0.70 0.20 (−1.00, −0.30) <0.01

MV1 −0.50 0.10 (−0.70, −0.20) <0.01

MV2 −0.20 0.20 (−0.60,0.20) 0.27

MV3 −0.20 0.20 (−0.60,0.30) 0.49

Total Fat

MV0 −0.80 0.20 (−1.10,−0.40) <0.01

MV1 −0.70 0.20 (−1.00,−0.30) <0.01

MV2 −0.40 0.20 (−0.70,−0.10) 0.02

MV3 −0.30 0.20 (−0.70,0.10) 0.15

Percent Lean

MV0 0.70 0.20 (0.30,1.00) <0.01

MV1 0.50 0.10 (0.20,0.70) <0.01

MV2 0.20 0.20 (−0.20,0.60) 0.27

MV3 0.20 0.20 (−0.30,0.60) 0.49

Total Lean

MV0 0.10 0.20 (−0.30,0.50) 0.62

MV1 −0.10 0.10 (−0.40,0.10) 0.19

MV2 −0.20 0.20 (−0.50,0.20) 0.32

MV3 −0.20 0.20 (−0.50,0.20) 0.44

Total Mass

MV0 −0.70 0.30 (−1.20,−0.10) 0.01

MV1 −0.80 0.20 (−1.30,−0.40) <0.01

MV2 −0.60 0.30 (−1.10,−0.10) 0.03

MV3 −0.50 0.30 (−1.00,0.10) 0.14

Women

Total Hip BMD

MV0 −1.10 0.30 (−1.70,−.040) <0.01

MV1 −1.10 0.30 (−1.70,−0.50) <0.01

MV2 −1.10 0.50 (−2.10,−0.20) 0.02

MV3 −1.10 0.60 (−2.20,0.00) 0.05

Total BMD

MV0 −0.40 0.30 (−0.90,0.10) 0.13

MV1 −0.50 0.30 (−1.00,0.00) 0.07

MV2 −1.00 0.40 (−1.80,−0.20) 0.02
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β SE 95%CI P-Value

MV3 −0.80 0.50 (−1.70,0.20) 0.13

Percent Fat

MV0 −0.50 0.20 (−0.80,−0.10) 0.02

MV1 −0.50 0.20 (−0.80,−0.10) 0.02

MV2 0.00 0.20 (−0.50,0.40) 0.98

MV3 −0.10 0.30 (−0.60,0.50) 0.85

Total Fat

MV0 −0.70 0.20 (−1.20,−0.20) <0.01

MV1 −0.70 0.20 (−1.20,−0.30) <0.01

MV2 −0.20 0.20 (−0.60,0.20) 0.34

MV3 −0.20 0.30 (−0.70,0.30) 0.41

Percent Lean

MV0 0.50 0.20 (0.10,0.80) 0.02

MV1 0.50 0.20 (0.10,0.80) 0.02

MV2 0.00 0.20 (−0.40,0.50) 0.98

MV3 0.10 0.30 (−0.50,0.60) 0.85

Total Lean

MV0 −0.20 0.10 (−0.40,0.10) 0.11

MV1 −0.20 0.10 (−0.50,0.00) 0.06

MV2 −0.20 0.20 (−0.50,0.20) 0.38

MV3 −0.20 0.20 (−0.60,0.20) 0.35

Total Mass

MV0 −0.90 0.30 (−1.50,−0.30) 0.01

MV1 −0.90 0.30 (−1.60,−0.30) <0.01

MV2 −0.40 0.30 (−1.00,0.20) 0.24

MV3 −0.40 0.40 (−1.10,0.30) 0.26

Men

Total Hip BMD

MV0 0.50 0.50 (−0.40,1.50) 0.26

MV1 0.50 0.50 (−0.40,1.40) 0.24

MV2 −0.20 0.80 (−1.80,1.30) 0.77

MV3 −0.40 0.90 (−2.20,1.50) 0.70

Total BMD

MV0 0.40 0.40 (−0.30,1.10) 0.26

MV1 0.40 0.40 (−0.40,1.10) 0.33

MV2 −0.20 0.70 (−1.50,1.10) 0.77

MV3 0.00 0.80 (−1.50,1.50) 0.98

Percent Fat

MV0 −0.60 0.20 (−1.00,−0.20) <0.01

MV1 −0.50 0.20 (−0.90,−0.10) 0.01

MV2 −0.60 0.30 (−1.20,−0.10) 0.03

MV3 −0.40 0.30 (−1.10,0.30) 0.24

Total Fat

MV0 −0.70 0.20 (−1.20,−0.20) <0.01

MV1 −0.60 0.20 (−1.10,−0.20) 0.01

MV2 −0.80 0.30 (−1.40,−0.30) 0.01

MV3 −0.50 0.40 (−1.20,0.10) 0.12

Percent Lean MV0 0.60 0.20 (0.20,1.00) <0.01
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β SE 95%CI P-Value

MV1 0.50 0.20 (0.10,0.90) 0.01

MV2 0.60 0.30 (0.10,1.20) 0.03

MV3 0.40 0.30 (−0.30,1.10) 0.24

Total Lean

MV0 0.00 0.20 (−0.40,0.40) 0.99

MV1 0.00 0.20 (−0.40,0.40) 0.89

MV2 −0.20 0.30 (−0.90,0.50) 0.55

MV3 −0.10 0.40 (−0.90,0.70) 0.80

Total Mass

MV0 −0.70 0.40 (−1.40,0.00) 0.06

MV1 −0.60 0.40 (−1.30,0.10) 0.07

MV2 −1.00 0.50 (−2.00,−0.10) 0.03

MV3 −0.70 0.50 (−1.70,0.40) 0.23

MV0: unadjusted

MV1: age, gender, race, clinic site

MV2: age, gender, race, clinic site, BMI, cystatin C, diabetes, education, calcium and vitamin D intake, medication use, smoking, alcohol and 
frailty

MV3: age, gender, race, clinic site, BMI, cystatin C, diabetes, education, calcium and vitamin D intake, medication use, smoking, alcohol, frailty 
calories, protein intake
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Table 6:

Risk of Incident Hip Fractures by Quartiles of Dietary Niacin Intake

All Women Men

HR (95% CI) HR (95% CI) HR (95% CI)

Quartile 1*

MV0 1.28 (1.07, 1.53) 1.21 (0.99,1.49) 1.43 (1.01, 20.4)

MV1 1.43 (1.20, 1.70) 1.43 (1.17, 1.76) 1.51 (1.08, 2.11)

MV2 1.23 (1.03, 1.48) 1.17 (0.94, 1.45) 1.41 (0.99, 2.00)

MV3 1.31 (1.04, 1.66) 1.21 (0.91, 1.59) 1.62 (.97, 2.7)

Quartile 4*

MV0 1.4 (1.17, 1.67) 1.36 (1.1, 1.68) 1.53(1.09, 2.14)

MV1 1.36 (1.09, 1.69) 1.32 (1.02, 1.72) 1.52 (0.95, 2.46)

MV2 1.48 (1.17, 1.88) 1.48 (1.12, 1.95) 1.78 (1.08, 2.94)

MV3 1.53 (1.20, 1.95) 1.60 (1.20, 2.14) 1.69 (1.00, 2.84)

*
Compared with Quartiles 2,3

MV0: unadjusted

MV1: age, gender, race, clinic site

MV2: age, gender, race, clinic site, BMI, cystatin C, diabetes, education, calcium and vitamin D intake, medication use, physical activity, smoking, 
alcohol and frailty

MV3: age, gender, race, clinic site, BMI, cystatin C, diabetes, education, calcium and vitamin D intake, medication use, smoking, alcohol, frailty, 
calories, protein intake
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Table 7.

Population Attributable Fraction of Niacin Intake by Gender

Time (years) Attributable risk % (95% CI)

Women

5 11.5 (3.1–19.9)

10 10.8 (2.94–18.7)

15 9.99 (2.7–17.3)

20 8.98 (2.4–15.6)

25 7.89 (2.10–13.7)

Men

5 18.6 (4.89–32.3)

10 17.9 (4.7–31.1)

15 16.7 (4.34–29.11)

20 15.6 (3.96–27.3)

25 14.0 (3.5–24.5)
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