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ACKGROUND CONTEXT: Low back pain (LBP) is a common complaint in clinical practice

of multifactorial origin. Although obesity has been thought to contribute to LBP primarily by alter-

ing the distribution of mechanical loads on the spine, the additional contribution of obesity-related

conditions such as diabetes mellitus (DM) to LBP has not been thoroughly examined.

PURPOSE: To determine if there is a relationship between DM and LBP that is independent of

body mass index (BMI) in a large cohort of adult survey participants.

STUDY DESIGN: Retrospective analysis of prospectively collected National Health and Nutrition

Examination Survey (NHANES) data to characterize associations between LBP, DM, and BMI in

adults subdivided into 6 subpopulations: normal weight (BMI 18.5�25), overweight (BMI

25�30), and obese (BMI >30) diabetics and nondiabetics. Diabetes was defined with glycohemo-

globin A1c (HbA1c) �6.5%.

PATIENT SAMPLE: 11,756 participants from NHANES cohort.

OUTCOMEMEASURES: Percentage of LBP reported.

METHODS: LBP reported in the 1999-2004 miscellaneous pain NHANES questionnaire was the

dependent variable examined. Covariates included HbA1c, BMI, age, and family income ratio to

poverty as continuous variables as well as race, gender, and smoking as binary variables. Individu-

als were further subdivided by weight class and diabetes status. Regression and graphical analyses

were performed on the study population as a whole and also on subpopulations.

RESULTS: Increasing HbA1c did not increase the odds of reporting LBP in the full cohort. How-

ever, multivariate logistic regression of the 6 subpopulations revealed that the odds of LBP signifi-

cantly increased with increasing HbA1c levels in normal weight diabetics. No other

subpopulations reported significant relationships between LBP and HbA1c. LBP was also signifi-

cantly associated with BMI for normal weight diabetics and also for obese subjects regardless of

their DM status.

CONCLUSIONS: LBP is significantly related to DM status, but this relationship is complex and

may interact with BMI. These results support the concept that LBP may be improved in normal

weight diabetic subjects with improved glycemic control and weight loss, and that all obese LBP

subjects may benefit from improved weight loss alone. © 2018 Elsevier Inc. All rights reserved.
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Introduction ratio to poverty as continuous variables as well as race, gen-
Low back pain (LBP) is recognized as a leading cause of

global disability and among the most common complaints

presented to physicians [1]. The underlying etiology is

complex and multifactorial with strong associations of LBP

with age, obesity, genetics, physical activity, and interverte-

bral disc (IVD) degeneration [2,3]. The relationship

between LBP and obesity is commonly thought to arise

from alteration in the distribution of mechanical loads on

the spine caused by obesity but likely also involves sys-

temic inflammation and adipokines [2]. Obesity is the

greatest risk factor for developing type 2 diabetes mellitus

(DM) and also strongly correlates with IVD degeneration

and back pain [3�6]. Although a complex relationship

between obesity, DM, and LBP have been identified, the

independent contribution of DM to LBP in obese and non-

obese subjects remains unclear.

Diabetes mellitus is a complex disease that is associated

with several clinically relevant spine pathologies including

an increased incidence of intervertebral disc herniation and

risk of spinal stenosis, as well as an increased odds of lum-

bar and cervical spine surgery complications [7�10].

Growing evidence from animal models reveals that DM

can accelerate IVD degeneration [11,12]. However, in 2

human cohort studies of identical twins discordant for DM

status there was no significant relationship between IVD

degeneration and either type 1 or type 2 DM independent

of obesity [13�16]. A recent large population study

reported higher prevalence of chronic LBP in adults with

DM, and these associations persisted after adjusting for

commonly associated risk factors including obesity [17].

Both types 1 and 2 DM are characterized by elevated serum

glucose, which is diagnosed clinically by measuring glyco-

hemoglobin A1c (HbA1c). This study is designed to further

parse out the relationships between LBP, DM, and BMI in

a large adult cohort. We analyzed data from physical exam,

laboratory, and questionnaires from the National Health

and Nutrition Examination Survey (NHANES) from 1999

to 2004, which included quantitative measurements of

HbA1c and BMI.
Materials and methods

Study design

Data collection by NHANES was based on a complex

sampling design, resulting in a nationally representative

dataset of diverse ethnic and racial backgrounds aged

between 20 and 85 years old. Our cohort was determined

by anyone in NHANES 1999-2004 cohort with LBP meas-

urements. Low back pain was the dependent variable exam-

ined and defined as answering affirmatively to the question:

“During the last 3 months, did you have low back pain?”.

Covariates included HbA1c, BMI, age, and family income
der, and smoking as binary variables. Smoking status was

defined as answering affirmatively to the question: “Have

you smoked at least 100 cigarettes in your lifetime?”.

Weight categories including obese, overweight, and normal

weight were determined by the World Health Organization

guidelines for interpreting BMI [18]. Diabetes status was

determined using HbA1c �6.5%. Individuals were further

subdivided by weight class and diabetes status into 6 subpo-

pulations: normal weight diabetics, overweight diabetics,

obese diabetics, normal weight nondiabetics, overweight

nondiabetics, and obese nondiabetics.
Statistical analysis

Several covariates included in this study are thought to

be correlated, such as BMI and HbA1c, therefore we per-

formed a thorough exploration of multicollinearity in our

analysis using variance inflation factors (VIFs). The VIF

provides a quantitative metric for interpreting multicolli-

nearity between covariates. The VIF values greater than 10

indicate significant multicollinearity that may influence

estimates of the regression coefficients. The VIF calculated

from the covariates in the entire study population are all

less than 3, with the exception of the VIF calculated for 1

racial covariate, indicating negligible correlation between

most covariates. For specific covariates in this dataset under

scrutiny such as HbA1c and BMI VIF values are less than

1.5, and thus the assumption of covariate independence is

statistically reasonable. Statistical significance was deter-

mined by p< .05. Regression and graphical analyses were

performed on the study population as a whole and also on

subpopulations. Regression was performed with the survey

jackknife logistic regression command. Normal weight dia-

betics were divided into quartiles based on HbA1c level to

assess odds of reporting LBP at different HbA1c levels.

Analysis was performed with STATA version 13.1 software

(StataCorp LLC, College Station, TX, USA) on demo-

graphic, laboratory, physical examination, and question-

naire data from NHANES. Sample weighting was

performed in accordance with NHANES database user

guidelines [19,20].
Results

The 11,756 subjects included in the model were subdi-

vided by weight class and diabetes status. Of the subjects

that were diabetic, 141 (1.2%) subjects were normal weight,

355 (3%) subjects were overweight, and 519 (4.4%) sub-

jects were obese. Nondiabetic groups were comprised of

3,413 (29%) subjects that were normal weight, 3,910 (33%)

subjects that were overweight, and 3,239 (27.6%) subjects

that were obese (Table 1).

Analyses revealed reduced odds of reporting LBP was

associated with gender, race, and poverty ratio whereas



Table 1

Descriptive statistics of subpopulations

Diabetics Nondiabetics

All Normal weight Overweight Obese Normal weight Overweight Obese

N 11,756 141 (1.2%) 355 (3%) 519 (4.4) 3,413 (29%) 3,910 (33%) 3,239 (27.6%)

Age (y) (SD) 49 (18.6) 64.5 (13.1) 64.5 (13.0) 58.6(13.2) 46.5 (20.0) 49.7 (18.5%) 47.3 (17.1)

BMI kg/m2 (SD) 28.3 (6.1) 22.9 (1.5) 27.6 (1.4) 36.3 (5.5) 22.5 (1.7) 27.3 (1.4) 35.1 (4.9)

HbA1c (SD) 5.5 (1.0) 8.6 (2.0) 8.2 (2.0) 8.1 (1.6) 5.2 (1.7) 5.3 (0.37) 5.4 (0.39)

HbA1c min 3.3 6.5 6.5 6.5 3.3 4 3.7

HbA1c max 14.3 14.3 14.3 14.7 6.4 6.4 6.4

Poverty ratio (SD) 2.6 (1.6) 2.0 (1.5) 2.2 (1.5) 2.3 (1.5) 2.6 (1.7) 2.7 (1.6) 3.0 (1.6)

Male 5,620 (48%) 85 (60%) 210 (59.2%) 242 (46.6%) 1581 (46.3%) 2136 (54.6%) 1304 (40%)

Mexican American 2,669 (23%) 46 (33%) 136 (38.3%) 195 (37.6%) 611 (17.9%) 951 (24.3%) 769 (24%)

Non-Hispanic White 6,005 (51%) 49 (35%) 117 (33.0%) 145(27.9%) 1964 (57.5%) 2027 (52%) 1542 (47.6%)

Non-Hispanic Black 2,141 (18.2%) 23 (16%) 67 (18.9%) 145(27.9%) 531 (15.6%) 613 (15.7%) 727 (22.4%)

Other races 411 (3.5%) 12 (8 %) 16 (4.8%) 12 (2.3%) 170 (5%) 115 (3%) 78 (2.4 %)

Smoking 5,796 (49%) 79 (56%) 195 (55%) 277 (53.4) 1691 (49.5%) 1962 (50%) 1494 (46%)

LBP reported 4,526 (38.5%) 41 (29%) 136 (38.3%) 231 (44.5%) 1169 (34.2%) 1480 (37.9%) 1400 (43.2%)

Note: SD, standard deviation.
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increased odds of reporting LBP was associated with smok-

ing status and BMI (Table 2).

Odds of reporting LBP increase with elevated HbA1c

The odds of reporting LBP do not significantly increase

with HbA1c levels (OR 1.02§ 0.04, p=.17) in the 11,756

subjects included in the NHANES cohort of participants

from 1999 to 2004 (Table 2). However, multivariate logis-

tic regression of the 6 subpopulations revealed that the odds

of reporting LBP statistically, significantly increased with

HbA1c levels in normal weight diabetics (OR 1.59§.43,

p=.01) (Table 3). The Figure illustrates how normal weight

diabetics (18.5<BMI< 25, HbA1c �6.5%, n=141) tend to

show an increasing proportion of reported LBP as HbA1c

increases by quartile. No other subpopulations showed sig-

nificant relationships between LBP and HbA1c.

Odds of reporting LBP increase with BMI

Increasing BMI increased the odds of reporting LBP

among the full study cohort (OR 1.03§0.01, p< .001). The
Table 2

Multivariate analysis of patient demographics with LBP for the entire

NHANES population

1999�2004

Odds ratio p value

Age 1.00§0.01 .96

BMI 1.03§0.01 < .001

HbA1c 1.02§0.04 .17

Poverty ratio 0.89§0.02 .01

Male 0.85§0.03 < .001

Mexican American 0.69§0.07 < .001

Non-Hispanic White 1.03§0.12 .80

Non-Hispanic Black 0.76§0.61 .01

Other races 0.76§0.13 .11

Smoker 1.39§0.07 < .001
LBP was also significantly associated with BMI for both

normal weight diabetics (OR 1.66§0.55, p=.016) and for

obese subjects with (OR 1.05§0.43, p=.017) and without

(OR 1.03§0.23, p=.001) DM.
Odds of reporting LBP increase with subject demographic

factors

Multivariate logistic regression revealed many demo-

graphic factors associated with both an increase and

decrease in reporting LBP (Table 4).

Poverty ratio was inversely associated with LBP in nor-

mal weight diabetics (OR 0.65§0.10, p=.01), as well as

nondiabetics of all weight classes, whereas smoking was

directly associated with LBP in this same subgroup (OR

1.59§0.24, p=.01). Smoking also increased odds of report-

ing LPB in overweight diabetics, (OR 3.09§0.86,

p< .001).

Race played a role in reporting LBP among nondiabetic

subjects. Mexican American overweight (OR 0.65§0.12,

p=.03) and obese (OR 0.61§0.13, p=.03) nondiabetics had

decreased odds of reporting LBP. Similar findings were

seen in overweight (OR 0.72§0.12, p=.05) and obese (OR

0.55§0.12, p=.01) nondiabetics of Non-Hispanic Black
Table 3

Multivariate analysis of HbA1c and BMI with LBP for 6 subpopulations

HbA1c

(OR/p value)

BMI

(OR/p value)

All patients 1.02§.04/p=.17 1.03§0.01/p< .001

Diabetic Normal weight 1.59§0.43/p=.01 1.66§0.55/p=.02

Overweight 0.93§0.18/p=.55 1.06§0.22/p=.59

Obese 0.94§0.15/p=.50 1.05§0.43/p=.02

Nondiabetic Normal weight 0.88§0.26/p=.47 1.03§0.57/p=.20

Overweight 1.23§0.34/p=.20 1.01§0.05/p=.83

Obese 0.97§0.44/p=.83 1.03§0.23/p=.01



Fig. HbA1c was divided into quartiles for normal weight diabetics. Graph-

ical analysis of percent low back pain reported by HbA1c quartile in nor-

mal weight and diabetic subjects (BMI between 18 and 25, HbA1c �6.5)
subjects. As HbA1c increases, there is a trend toward increase in the per-

cent of survey participants reporting low back pain per quartile.
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backgrounds. Finally, similar to the diabetic subpopula-

tions, smoking was found to independently increase odds of

reporting LBP in overweight (OR 1.43§0.12, p< .001) and

obese (OR 1.30§0.10, p=.002) nondiabetics.

Discussion

This study assessed the odds of reporting LBP among 6

subpopulations stratified by DM and obesity status using a

population-based NHANES survey that simultaneously

assessed for other risk factors of LBP. This study builds on

previous work linking DM to LBP by using NHANES data-

base of a different cohort than previously investigated [17],
Table 4

Multivariate analysis of patient demographics with LBP for diabetic and nondiabe

Diabetic

Normal weight

Odds ratio p value O

Age 1.00§0.02 .98 0.

Poverty ratio 0.65§0.10 .01 0.

Male 2.03§1.31 .28 0.

Mexican American 1.13§1.24 .91 0.

Non-Hispanic White 4.05§4.63 .23 0.

Non-Hispanic Black 0.84§1.12 .90 0.

Other races 1.81§1.00 .30 0.

Smoker 1.59§0.24 .01 3.

Nondiabe

Age 1.00§0.00 .77 1.

Poverty ratio 0.89§0.03 .002 0.

Male 0.97§0.08 .75 0.

Mexican American 0.74§0.16 .18 0.

Non-Hispanic White 1.24§0.20 .18 1.

Non-Hispanic Black 0.95§0.19 .78 0.

Other races 0.67§0.17 .13 0.

Smoker 1.17§0.11 .10 1.
and extending this relationship in normal weight, over-

weight, and obese populations. The analyses showed 2

important findings: (1) normal weight DM participants had

significantly increased odds of reporting LBP with both

increasing HbA1c and BMI levels as independent factors;

and (2) obese participants regardless of their DM status had

increased likelihood of reporting LBP.

Normal weight DM participants had significantly

increased odds of reporting LBP with increasing HbA1c

levels, indicating that poorly controlled hyperglycemia may

contribute to LBP independent of BMI. The BMI was also

significantly associated with reporting LBP. Together, these

findings suggest a strategy to improve LBP in normal

weight diabetics by focusing both on glycemic control and

weight loss, even for individuals at their target BMI. A rela-

tionship between HbA1c and LBP in overweight and obese

DM participants was not identified. There are 2 possible

explanations for this: (1) the obesity relationship dominated

the association with HbA1c in these patients, or (2) obese

DM participants may have other more severe health condi-

tions that have a greater association on LBP. HbA1c and

other markers of DM disease progression have been previ-

ously implicated in reporting of LBP. These epidemiologi-

cal observations in conjunction with the current study

corroborates animal studies linking chronic high blood

sugar to hyperglycemia-related tissue changes, and together

these findings may eventually inform new LBP treatment

or management strategies.

A significant relationship between LBP and BMI was

also identified in the entire cohort, a result that has been

previously reported highlighting the need to reduce body

weight in all LBP patients [21,22]. The connection between

LBP and obesity however remains nuanced. A previous

study in a cohort of 2,599 Southern Chinese volunteers
tic subjects

s

Overweight Obese

dds ratio p value Odds ratio p value

99§0.01 .39 0.99§0.01 .23

88§0.12 .37 0.92§0.11 .48

38§0.20 .07 0.62§0.18 .10

61§0.39 .44 0.70§0.49 .61

88§0.56 .84 1.40§1.04 .65

76§0.34 .54 0.96§0.71 .95

86§0.61 .83 1.09§1.09 .94

09§0.86 < .001 1.69§0.59 .15

tics

00§0.00 .78 1.00§0.00 .45

91§0.03 .01 0.86§0.02 < .001

88§0.05 .05 0.80§0.06 .01

65§0.12 .03 0.61§0.13 .03

02§0.17 .89 0.76§0.16 .20

72§0.12 .05 0.55§0.12 .01

83§0.20 .45 0.80§0.31 .56

43§0.12 < .001 1.30§0.10 .01
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showed that elevated BMI values, specifically those associ-

ated with being overweight or obese, were significantly

associated with IVD degeneration [5]. However these find-

ings contrasted with a study of 44 monozygotic male twins,

where it was concluded that greater BMI was not associated

with disc degeneration [15]. Moreover, another study of

male monozygotic twins found no relationship between

obesity and prevalence of LBP or seeking care for LBP

[14].

Smoking significantly increased odds of reporting LBP

by 1% to 3%. Previous studies have also shown significant

associations between LBP rates and smoking. The relation-

ship between smoking and LBP has been previously shown

and may be dose-dependent [23]. However, the underlying

etiology for smoking-associated LBP is still contested.

Some research pointed to the frequency and intensity of

smoking leading to LBP, although others have found people

who smoke are more likely to report LBP [24,25]. Thus the

arrow of causality has yet to be defined.

Being of Mexican American or Non-Hispanic Black

descent and living below the poverty line appeared to be

protective for LBP in several nondiabetic subgroups. This

could be in part caused by the survey strategy of NHANES,

but is possibly caused by a phenomenon described in previ-

ous works as the “Immigrant paradox” or “Hispanic Para-

dox” which postulates migrants to the United States from

Mexico often report better health outcomes than US resi-

dents [26]. For Non-Hispanic Blacks, this association may

be linked to a long history of disparities in treatment for

LBP, perhaps making blacks less likely to report LBP when

surveyed [27�29].

Defining an exact mechanism for how HbA1c may affect

LBP is outside of the scope of this study, yet one proposed

mechanism points to accumulation of advanced glycation

endproducts (AGEs) resulting in accelerated spinal degen-

eration. AGEs are prooxidant metabolic derivatives of non-

enzymatic reactions between reducing sugars and free

amines of proteins, that form in increased abundance under

diabetic conditions with high levels of HbA1c [30]. Extra-

cellular and intracellular AGE precursors are highly reac-

tive and permanently alter connective tissue proteins,

plasma lipoproteins, cell membrane phospholipids, and

DNA to modulate several prooxidant effects influencing

inflammation, cell proliferation, apoptosis, and insulin sig-

naling. The AGEs as a mechanism for spinal degeneration

are supported by animal models with controlled dietary and

diabetic interventions that demonstrated a relationship

between spinal tissue AGE content and diabetes-induced

spinal pathology where treatment including an anti-AGE

drug reduced that spinal pathology [11,12]. Furthermore,

animals fed diets high in AGE also demonstrated increased

spinal pathology independent of obesity or diabetic condi-

tions [31,32]. Accumulation of AGEs in spinal tissues can

drive changes to cells and collagenous tissues and nonenzy-

matic glycation of the IVD is known to result in altered T2

magnetic resonance imaging signals and increased stiffness
and brittleness in IVD tissue biomechanical behaviors

[12,32�36].

The exact effects of obesity on back pain and disc

degeneration are also complex. Obese conditions are simi-

larly known to be highly proinflammatory in addition to

altering spinal biomechanics to predispose to overloading

and injurious conditions. Research has linked greater fat

composition with more disability and greater intensity of

low back pain [37]. Upregulation of adipokines in adipose

tissue is thought to cause oxidative stress in vertebral tis-

sues by creating proinflammatory conditions [2]. The scien-

tific literature is therefore consistent with the concept that

high systemic HbA1c and obese conditions can result in

increased spinal degeneration as a potential cause back

pain, yet it is important to highlight that such mechanisms

need further investigation with mechanistic and interven-

tional studies. Furthermore, associations between obesity

and DM with pain or spinal degeneration observed in this

study and others in humans (and even controlled animal

studies) involve complex interactions with multiple sys-

temic conditions, overall health, and activity levels that

may also predispose to painful conditions.

Limitations

A limitation of this study is that the NHANES sample

does not include measures of IVD degeneration. Addition-

ally, BMI does not distinguish between individuals with

increased lean muscle mass vs. adiposity, therefore anthro-

pometric measures indicative of body composition, such as

waist circumference, should be included in future work.

Consequently, prospective clinical and basic science

studies are required to further parse out the role of HbA1c

in LBP etiology and progression. Additionally, the

NHANES database does not specify if respondents had

Type I or Type II DM, and although elevated HbA1c

defines both types of DM, the etiology of LBP could occur

differently and also depend on how long respondents have

had their condition. Finally, this study asked if LBP

occurred in the last 3 months, but did not identify the timing

of when the LBP occurred. Future studies should be

designed with a more specific screening question for

chronic LBP.

Conclusion

We conclude that LBP is related to DM status, but this

relationship is complex and may interact with BMI. This

study showed that the odds of reporting LBP increased with

HbA1c independent of BMI in nonobese, nonoverweight

diabetics and increased with BMI in obese diabetic and

nondiabetic subjects. Together, results suggest that glyce-

mic control may be an important management tool to

reduce LBP in DM patients particularly for those who are

not obese and that weight reduction may help reduce LBP

prevalence in all patients regardless of DM status. Addi-

tional clinical and basic science studies are required to



230 A. Real et al. / The Spine Journal 19 (2019) 225�231
elucidate how HbA1c contributes to the etiology and pro-

gression of LBP.
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[15] Videman T, Battié MC, Gibbons LE, Kaprio J, Koskenvuo M,

Kannus P, et al. Disc degeneration and bone density in monozygotic

twins discordant for insulin-dependent diabetes mellitus. J Orthop

Res 2000;18:768–72. doi: 10.1002/jor.1100180514.

[16] Fabiane SM, Ward KJ, Iatridis JC, Williams FMK. Does type 2 diabe-

tes mellitus promote intervertebral disc degeneration? Eur Spine J

2016;25:2716–20. doi: 10.1007/s00586-016-4612-3.

[17] Hassoon A, Bydon M, Kerezoudis P, Maloney PR, Rinaldo L, Yeh H-C.

Chronic low-back pain in adult with diabetes: NHANES 2009-2010.

J Diabetes Complicat 2017;31:38–42. doi: 10.1016/j.jdiacomp.2016.

10.025.

[18] WHO/Europe | Nutrition - Body mass index - BMI. Available at: http://

www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-

healthy-lifestyle/body-mass-index-bmi. Accessed September 4, 2017.

[19] NHANES - Continuous NHANESWeb Tutorial - Specifying Weighting

Parameters. Available at: https://www.cdc.gov/nchs/tutorials/Nhanes/

SurveyDesign/Weighting/intro.htm. Accessed September 4, 2017.

[20] Continuous NHANES Web Tutorial: Specifying Weighting Parame-

ters: Task 2. Available at: https://www.cdc.gov/nchs/tutorials/nhanes/

SurveyDesign/Weighting/Task2.htm. Accessed September 4, 2017.

[21] Mok FPS, Samartzis D, Karppinen J, Fong DYT, Luk KDK, Cheung

KMC. Modic changes of the lumbar spine: prevalence, risk factors,

and association with disc degeneration and low back pain in a large-

scale population-based cohort. Spine J 2016;16:32–41. doi: 10.1016/

j.spinee.2015.09.060.

[22] Kearns K, Dee A, Fitzgerald AP, Doherty E, Perry IJ. Chronic disease

burden associated with overweight and obesity in Ireland: the effects

of a small BMI reduction at population level. BMC Public Health

2014;14:143. doi: 10.1186/1471-2458-14-143.

[23] Shiri R, Falah-Hassani K. The effect of smoking on the risk of sciat-

ica: a meta-analysis. Am J Med 2016;129:64–73 e20. doi: 10.1016/j.

amjmed.2015.07.041.

[24] Scott SC, Goldberg MS, Mayo NE, Stock SR, Pôıtras B. The associa-
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