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Abstract

Diabetic polyneuropathy is a highly prevalent and costly complication of diabetes that is
frequently underdiagnosed and undertreated in primary care settings. In this article, we discuss
challenges in the management of diabetic polyneuropathy symptoms, including diagnostic
complexity, the limited efficacy and high side effect rates associated with available treatments and
the time constrained primary care visit. We call for the development of novel patient-centric,
system-level strategies that engage patients between physician visits in order to facilitate timely
communication of symptoms and treatment response and to promote patient-centered care.
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An estimated 15 million people in the U.S. and more than 200 million across the globe are
likely to develop nerve damage associated with diabetes called diabetic polyneuropathy
(DPN). 1 DPN accounts for nearly one-third of all diabetes related expenditures in the U.S.,
which are estimated at close to $250 billion per year.2 While DPN is not curable,
progression can be slowed through improved glycemic control and long term impact may be
reduced through effective treatment of symptoms.34

Most patients with DPN experience sensations of pain, numbness, tingling, electronic shock,
and/or pins and needles (paraesthesia) that initiate in the toes and feet and spread to the
upper limbs in a “stocking and “glove pattern.1® The burden associated with these
symptoms has a dramatic negative impact on patient quality of life, health status and
functioning.6 While pharmacologic and other interventions are available to treat these
symptoms, there is growing evidence that DPN is underdiagnosed and undertreated in
primary care settings.”8 In this article, we highlight three factors that contribute to
suboptimal management of DPN symptoms and encourage the development of novel
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system-level strategies to re-prioritize DPN symptom management within the broader
context of diabetes management.

1) Diagnostic Complexity:

There is no single test a provider can order to definitively diagnose DPN. 13 Instead,
physicians must be guided by a combination of physical exam and patient symptom reports.
Nerve conduction studies rarely change the clinical management of patients with suspected
DPN, and likely should be reserved for those with atypical features (asymmetry, non-length
dependence, motor predominance, acute/subacute presentation).®19 Surprisingly,
neuroimaging studies are frequently performed, but also are unlikely to change management
strategies.®~11 Current guidelines recommend serologic testing with a fasting glucose,
glucose tolerance test, serum protein electrophoresis with immunofixation, and B12 for
patients with polyneuropathy, but whether any serologic testing in those with known
diabetes is needed is unknown.312 Clinical guidelines recommend screening at diagnosis
and annually thereafter;3 though DPN may also appear among those with prediabetes.113

Screening tests (e.g., 10g Semmes-Weinstein monofilament test) may help primary care
physicians screen for neuropathy.3 Yet, recent studies suggest that the monofilament test,
which is considered the cornerstone for assessing the quality of diabetes foot care in many
settings, exhibits considerable variability in sensitivity and specificity.1415 Given the
limitations of this and other screening tests, validated questionnaires and examination tools
are likely the best way to screen for DPN.5

Despite the importance of frequent patient-provider communication,1:3 there are
considerable barriers to effective DPN symptom assessment in practice, such as low health
literacy, language barriers and patients’ reluctance to discuss pain symptoms.818 In addition,
the increasingly time constrained primary care visit may contribute to communication
barriers and resulting diagnostic errors.17-19 For conditions like DPN, missed opportunities
for clinical recognition during primary care visits can have devastating downstream
consequences.

2) Heterogeneity of Treatment Response:

Once recognized, a major challenge to effective treatment of DPN symptoms is the lack of
robust clinical evidence regarding which treatment options are likely to work best for which
patients.1:3:520 There is a wide range of efficacious medications, including tricyclic
antidepressants, voltage gated calcium channel ligand agonists, and serotonin
norepinephrine reuptake inhibitors.13:520 However, there is considerable variation in patient
tolerability of side effects and costs, as well as a lack of evidence regarding the comparative
efficacy of these therapies over the short and long term.3:20

As a consequence, effective treatment strategies often require intensive step-wise up-titration
and medication changes to reach a dose that optimally balances medication benefit and
burden.1:3520 Recent studies suggest that combination therapy may be more effective than
monotherapy for patients who do not respond to first line treatment.2! Moreover, the
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identification of specific genetic markers associated with DPN progression suggest that
personalized pharmacotherapies may be forthcoming.1®

While intensive glycemic control has been associated with a lower incidence of DPN, there
is insufficient evidence to support it as a viable intervention for symptom management.®
Recently, a Veterans Administration study demonstrated that intensive cognitive behavioral
therapy may be effective as an adjunct to traditional pharmacotherapy for some patients,
though more studies are needed to confirm this finding.22 Importantly, the generalizability of
these and other clinical trial findings to real world populations is unknown and patient and
provider knowledge of available treatments is limited; thus hindering progress toward
rational decision-making.”-8

3) System-Level Barriers:

Perhaps the biggest barrier to optimizing DPN management lies in how health systems
prioritize DPN symptoms in the larger context of diabetes management. The reality for
patients and providers alike is that provider performance and subsequent payment are linked
to tangible, objective measures of diabetes management and control (e.g., Alc), not
symptoms. Yet, glycemic control, undeniably an important target for care intervention, is a
poor indicator of pain interference, quality of life, functioning and other patient-valued
outcomes.” Overcoming the unique challenges posed by DPN management will require a
paradigmatic shift at the health system level toward management strategies that prioritize
patient-valued outcomes at least as much as clinical markers.

Retinopathy screening, which has been shown to be cost-effective in preventing sight loss
for diabetes patients, may represent a strong example of what could be possible with DPN.23
Like retinopathy, DPN screening can be easily conducted using exam or validated
questionnaire and, therefore, monitored and linked to reimbursement or financial incentives.
However, unlike retinopathy, the next step of assessment of neuropathic pain and treatment
decisions are harder to identify in the medical record in an automated way. Identifying
methods for systematizing the process of pain assessment and automating data collection are
critical in the development of effective and sustainable strategies for promoting high quality
DPN management in primacy care practice.

Toward for a Patient-centered System-Level Approach

There is mounting evidence that a one size fits all approach to diabetes management may
limit the ability of physicians to focus on the needs of individual patients.1”24 For example,
many patients with DPN symptoms may benefit more from an immediate focus on current
symptom management than on efforts directed towards long-term prevention. Such a patient-
centered approach will require new and innovative strategies to align patient, provider, and
health system priorities toward doing what is best for the individual patient.

Patients with DPN have complex clinical profiles and many are already the target of health
system outreach interventions due to poorly controlled HbAlc, cardiovascular risk factors,
opioid use, and fall risk.1>6 Therefore, making even small adjustments to the focus and
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content of existing outreach interventions for complex patients to include DPN symptom
recognition and treatment may have a substantial impact among patients with DPN.

Technology-enabled strategies, such as interactive automated phone calls, on- line patient
portals, emails and text messaging, hold considerable promise for augmenting patient-
provider communication outside of primary care clinic visit.2> Additional advantages of
these technologies include the ability to tailor educational messaging about foot care for
patient language preference and health literacy levels and to systematically engage patients
in discussions about symptoms, treatment goals and effectiveness to facilitate timely
diagnosis, treatment initiation and treatment changes.1”25:26 Several short questionnaires
have now been validated among patients with DPN for use in practice for both diagnostic
and symptoms monitoring purposes.2’-31 In addition, patient-reported information about
symptoms and treatment side effects has the potential to facilitate clinically appropriate and
timely treatment adjustments.26

Heath systems with integrated electronic medical records may hold a strategic advantage in
leveraging technology to facilitate the collection and feeding back of patient reported data.
For example, EMR data can be used to develop risk models to identify patients at high risk
for adverse drug events related to DPN medications or to identify those patients at high risk
for catastrophic health events such as falls, foot ulceration and lower extremity amputation.
32 |n addition, EMRs that are integrated across settings of care can aid in communication
between primary care and specialty care providers (e.g., podiatry, endocrinology, neurology)
to promote care coordination.33

However, technologically-based interventions are not a panacea for complex clinical
management. Consistent, strong research evidence from diverse healthcare systems is
needed to evaluate the utility of these and other strategies for patients, providers and health
systems in the context of real world clinical practice.33:34 Importantly, such technology-
enabled interventions should enhance rather than detract from the patient-provider
relationship.

In summary, DPN is a highly prevalent condition affecting many patients with diabetes.1-6
Effective symptom management is associated with higher patient quality of life and lower
health care costs.12 The diagnostic complexity of DPN, variation in patient response to DPN
treatment, and regulatory pressures to meet data-driven quality metrics for diabetes
management all likely contribute to the under-diagnosis and treatment of DPN in clinical
practice. We argue that an alternative patient-centered strategy that prioritizes DPN symptom
relief is needed.2:17:24 In particular, technology-facilitated interventions that allow for
systematic intervention with patients between visits are promising in their ability to
overcome system level barriers.25:26 Patients may be most likely to take advantage of these
strategies if doing so enriches their connection with an empathetic clinician and care teams
that are actively engaged in helping patients meet their goals related to DPN symptom
control and functioning.

Healthc (Amst). Author manuscript; available in PMC 2020 June 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adams et al. Page 5

Acknowledgements

The authors with to thank Dr. Rick Dlott, Medical Director for Population Care at The Permanente Medical Group
for comments on an earlier draft of this manuscript.

Funding for this work was supported through a Patient-Centered Outcomes Research Institute (PCORI)
Assessment of Prevention, Diagnosis, and Treatment Options Program Award [CE-1304-7250] and the Division of
Diabetes Translation, Centers for Disease Control and Prevention [U58 DP002641]. Dr. Grant is supported by
NIDDK (R01DK099108), NHLBI (R01 HL117939) and PCORI (SC14-1403-11992).

References

1. Tesfaye S, Selvarajah D. Advances in the epidemiology, pathogenesis and management of diabetic
peripheral neuropathy. Diabetes Metab Res Rev. 2012; 28(Suppl 1): 8-14. 10.1002/dmrr.2239.

2. American Diabetes Association. Economic costs of diabetes in the U.S. in 2012. Diabetes Care.
2013;36:1033-46. 10.2337/dc12-2625. [PubMed: 23468086]

3. American Diabetes Association. Standards of Medical Care in Diabetes—2015. Diabetes Care.
2015;38(Suppl. 1):55-S7. 10.2337/diaclin.33.2.97. [PubMed: 25537709]

4. The Diabetes Control and Complications Trial Research Group. The Effect of Intensive Diabetes
Therapy on the Development and Progression of Neuropathy. Ann Intern Med. 1995;122:561-568.
[PubMed: 7887548]

5. Callaghan BC, Cheng HT, Stables CL, Smight AL, Fediman EL. Diabetic neuropathy: clinical
manifestations and current treatments. Lancet Neurol 2012;11:521-534. 10.1016/
S1474-4422(12)70065-0. [PubMed: 22608666]

6. Sadosky A, Schaefer C, Mann R, Bergstrom F, Baik R, Parsons B, Nalamachu S, Nieshoff E, Stacey
BR, Anschel A, Tuchman M. Burden of illness associated with painful diabetic peripheral
neuropathy among adults seeking treatment in the US: Results from a retrospective chart review and
cross-sectional survey. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy.
2013;6:79-92. 10.2147/DMS0.S37415.

7. Yang M, Qian C, Liu Y. Suboptimal treatment of diabetic peripheral neuropathic pain in the United
States. Pain Med. 2015;16:2075-2083. 10.1111/pme.12845. [PubMed: 26118704]

8. Sobhy T The need for improved management of painful neuropathy in primary care. Pain Research
and Management. 2016;10.1155/2016/1974863

9. Callaghan BC, Kerber KA, Lisabeth LL, Morgenstern LB, Longoria R, Rodgers A, Longwell P,
Feldman EL. Role of neurologists and diagnostic tests on the management of distal symmetric
polyneuropathy. JAMA Neurol. 2014;71:1143-9. 10.1001/jamaneurol.2014.1279. [PubMed:
25048157]

10. Callaghan BC, Kerber KA, Pace RJ, Skolarus LE, Burke JF. Headaches and neuroimaging: high
utilization and costs despite guidelines. JAMA Intern Med. 2014;174:819-21. 10.1001/
jamainternmed.2014.173.

11. Callaghan B, McCammon R, Kerber K, Xu X, Langa KM, Feldman E. Tests and expenditures in
the initial evaluation of peripheral neuropathy. Arch Intern Med. 2012;172:127-132. 10.1001/
archinternmed.2011.1032. [PubMed: 22271119]

12. Bril V, England J, Franklin GM, Backonja M, Cohen J, Del Toro D, Feldman E, Iverson DJ,
Perkins B, Russell JW, Zochodne D; American Academy of Neurology; American Association of
Neuromuscular and Electrodiagnostic. Evidence-based guideline: Treatment of painful diabetic
neuropathy: Report of the American Academy of Neurology, the American Association of
Neuromuscular and Electrodiagnostic Medicine, and the American Academy of Physical Medicine
and Rehabilitation. Medicine; American Academy of Physical Medicine and Rehabilitation.
Neurology. 2011;76:1758-65. 10.1212/WNL.0b013e3182166ebe. [PubMed: 21482920]

13. Lee CC, Perkins BA, Kayaniyil S, Harris SB, Retnakaran R, Gerstein HC, Zinman B, Hanley AJ.
Peripheral neuropathy and nerve dysfunction in individuals at high risk for Type 2 diabetes: The
PROMISE Cohort. Diabetes Care. 2015;38:793-800. 10.2337/dc14-2585. [PubMed: 25665810]

Healthc (Amst). Author manuscript; available in PMC 2020 June 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Adams et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Page 6

Dros J, Wewerinke A, Bindels PJ, van Weert HC. Accuracy of monofilament testing to diagnose
peripheral neuropathy: a systematic review. Ann Fam Med. 2009;7:555-8. 10.1370/afm.1016.
[PubMed: 19901316]

Tan LS. The clinical use of the 10g monofilament and its limitations: a review. Diabetes Res Clin
Pract. 2010;90:1-7. 10.1016/j.diabres.2010.06.021. [PubMed: 20655123]

Adams AS, Parker MM, Moffet HH, Jaffe M, Schillinger D, Callaghan B, Piette J, Adler NE,
Bauer A, Karter AJ. Communication barriers and the clinical recognition of diabetic peripheral
neuropathy in a diverse cohort of adults: The DISTANCE Study. J Health Commun. 2016; 26:1-
10. 10.1080/10810730.2015.1103335. ePub Ahead of Print.

Grant RW, Adams AS, Bayliss EA, Heisler M. Establishing visit priorities for complex patients: A
summary of the literature and conceptual model to guide innovative interventions. Health Care:
The Journal of Delivery Science and Innovation. Healthc (Amst). 2013;1:117-122.

Bodenheimer T, Pham HH. Primary care: Current problems and proposed solutions. Health Aff
(Millwood). 2010;29:799-805. 10.1377/hlthaff.2010.0026. [PubMed: 20439864]

Singh H, Giardina TD, Meyer AN, Forjuoh SN, Reis MD, Thomas EJ. Types and origins of
diagnostic errors in primary care settings. JAMA Intern Med. 2013;173:418-25. 10.1001/
jamainternmed.2013.2777. [PubMed: 23440149]

Callaghan BC, Feldman EL. Painful diabetic neuropathy: Many similarly effective therapies with
widely dissimilar costs. Ann Intern Med. 2014;161: 674-675. 10.7326/M14-2157. [PubMed:
25364890]

Coppini DV. Enigma of painful diabetic neuropathy: can we use the basic science, research
outcomes and real-world data to help improve patient care and outcomes? Diabet Med. 2016 2 5
10.1111/dme.13089. [Epub ahead of print]

Castelnuovo G, Giusti EM, Manzoni GM, et al. Psychological treatments and psychotherapies in
the neurorehabilitation of pain: Evidences and recommendations from the Italian Consensus
Conference on Pain in Neurorehabilitation. Frontiers in Psychology. 2016;7:115 10.3389/
fpsyg.2016.00115. eCollection 2016. [PubMed: 26924998]

Jones S, Edwards RT. Diabetic retinopathy screening: a systematic review of the economic
evidence. Diabet Med. 2010;27:249-56. 10.1111/].1464-5491.2009.02870.x. [PubMed: 20536486]
Romeo GR, Abrahamson MJ. The 2015 standards for diabetes care: Maintaining a patient-centered
approach. Annals Intern Med. 2015;162:785-787. 10.7326/M15-0385.

Tulsky JA. Interventions to enhance communication among patients, providers, and families. J
Palliative Med. 2005;9(Suppl 5):595-S102.

Adams AS, Bayliss EA, Schmittdiel JA, Altschuler A, Dyer W, Neugebauer R, Jaffe M, Young JD,
Kim E, Grant RW for the Diabetes Telephone Study Team. The Diabetes Telephone Study: Design
and challenges of a pragmatic cluster randomized trial to improve diabetic peripheral neuropathy
treatment. Clin Trials. 2016;13:286-293. 10.1177/1740774516631530. [PubMed: 27034455]
Rahman M, Griffin SJ, Rathmann W, Wareham NJ. How should peripheral neuropathy be assessed
in people with diabetes in primary care? A Population-based comparison of four measures. Diabet
Med. 2003;20:368-74. [PubMed: 12752485]

Feldman EL, Stevens MJ, Thomas PK, Brown BM, Canal N, Greene DA. A practical two-step
quantitative clinical and electrophysiological assessment for the diagnosis and staging of diabetic
neuropathy. Diab Care. 1994;17:1281-9

Bril V, Perkins BA. Validation of the Toronto Clinical Scoring System for Diabetic polyneuropathy.
Diab Care. 2002;25:2048-52.

Singleton JR, Bixby B, Russell JW, Feldman EL, Peltier A, Goldstein J, Howard J, Smith AG. The
Utah Early Neuropathy Scale: A sensitive clinical scale for early sensory predominant neuropathy.
J Peripher Nerv Syst. 2008;13:218-27. 10.1111/j.1529-8027.2008.00180.x. [PubMed: 18844788]
Moghtaderi A, Bakhshipour A, Rashidi H. Validation of Michigan neuropathy screening
instrument for diabetic peripheral neuropathy. Clinical Neurology and Neurosurgery.
2006;108:477-481. [PubMed: 16150538]

Goldstein BA, Navar AM, Pencina MJ, loannidis JP. Opportunities and challenges in developing
risk prediction models with electronic health records data: A systematic review. J Am Med Inform
Assoc. 2016 5 17 10.1093/jamia/ocw042. [Epub ahead of print]

Healthc (Amst). Author manuscript; available in PMC 2020 June 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Adams et al.

Page 7

33. Cohen GR, Adler-Milstein J. Meaningful use care coordination criteria: Perceived barriers and
benefits among primary care providers. J Am Med Inform Assoc. 2016;23(e1):e146-51. 10.1093/
jamia/ocv147. [PubMed: 26567327]

Healthc (Amst). Author manuscript; available in PMC 2020 June 02.



	Abstract
	Diagnostic Complexity:
	Heterogeneity of Treatment Response:
	System-Level Barriers:
	Toward for a Patient-centered System-Level Approach
	References

