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A B S T R A C T 

Background 

 

Highly effective and well-tolerated, antiretroviral therapy (ART) has 

transformed HIV into a chronic disease [1]. The effectiveness of ART 

has changed the demographics of people living with HIV (PLWH). By 

2020, estimates suggest 70% of PLWH in the U.S. will be older than 50 

years [1]. The importance of recognizing and planning for this aging 

population is apparent in part because it appears that PLWH may 

experience “age-associated” disorders such as frailty, osteopenia, 

functional deficits, and cognitive decline at chronologically younger 
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ages than HIV-uninfected peers [2-5]. PLWH are also burdened with 

high rates of co-occurring psychosocial conditions (i.e., substance use, 

poverty, social isolation) that may negatively impact aging [2-5]. On the 

other hand, older age is associated with improved ART adherence and 

higher rates of virologic control [6-10]. Thus, as PLWH age, HIV care 

providers may need to shift from focusing primarily on HIV-linked 

issues such as optimizing ART regimens to a broader engagement that 

includes management of issues associated with aging [11].  

 

Recent evidence suggests that, in the United States, as a group HIV 

specialists may provide suboptimal primary care screening practices 

compared to their colleges caring for a general population and that this 

results in poorer clinical outcomes for conditions not directly linked to 

HIV infection [12]. For example, PLWH with hypertension cared for by 

HIV specialty care providers were 40% less likely to be prescribed anti-

hypertensive medication compared to persons being seen by primary 

care providers (HR=1.4, 95% CI 1.016-1.942) [13]. In addition to these 

issues related to the delivery of competent primary care, the population 

of older PLWH have also been noted to have high frequencies of 

geriatric syndromes [14, 15].  

 

In one study, at least two geriatric syndromes were identified in 53.6% 

of 179 PLWH older than 50 years, who underwent a comprehensive 

geriatric assessment. The most frequent syndromes were pre-frailty 

(56.1%), difficulty with one or more independent activities of daily 

living (46.5%), and cognitive impairment (46.5%) [14]. Results such as 

this have served as the impetus for some centers to integrate geriatric 

expertise into HIV care, creating what some have termed the birth of 

geriatric-HIV medicine [16-18]. Despite growing enthusiasm for the 

integration of geriatric expertise into HIV management, it is unclear if 

such expertise will improve outcomes in older PLWH. It is also not 

known if HIV specialists value geriatric expertise, a factor critical to the 

uptake of geriatric consultation and subsequent implementation of 

geriatric recommendations. In concert with the Emerging Infections 

Network (EIN), we performed a nationwide survey of HIV specialists 

that sought out opinions about caring for older PLWH, perceived barriers 

to care, and perceived value of geriatric expertise.  

 

Methods 

 

I Study Population and Study Design  

 

From May to June 2017, physician members of the Infectious Diseases 

Society of America’s EIN with an adult practice were invited to 

participate in an online survey titled “EIN Query: HIV and Aging” if 

they also 1) reported to the EIN an interest in the practice of HIV 

medicine, 2) had answered a previous EIN survey on HIV care, or 3) 

were HIV Medical Association members. The EIN collects the basic 

anonymized demographics of members that are included in survey 

results. 

 

II Provider Survey 

 

A nine-question survey was developed with input from HIV clinicians, 

HIV clinical researchers with expertise in HIV and aging, and 

geriatricians with HIV expertise. The survey queried practice 

characteristics (In the last year, approximately how many HIV-

seropositive patients did you treat in the outpatient setting? Do you 

provide primary care to the majority of your HIV-seropositive patients? 

Is your clinic a Ryan White HIV/AIDS Program funded facility? Does 

your clinic offer multidisciplinary support for the care of your patients?), 

perceived proportions of PLWH aged 50 years and older in their practice, 

opinions about and perceived barriers in caring for older PLWH (Please 

rank the top five barriers to healthy aging in your population of HIV 

seropositive patients > 50 years of age. Please rate your agreement with 

the following statements: It is difficult and complicated to care for aging 

persons living with HIV. As an HIV care provider, I am confident in my 

ability to manage the issues that exist in aging persons living with HIV. 

I have adequate time to manage the issues that exist in aging persons 

living with HIV. I have adequate multidisciplinary support to manage 

the issues that exist in aging persons living with HIV.), and the utility of 

specific resources in caring for older PLWH (Please rank the top 3 

resources that would assist you in the care of aging persons living with 

HIV).  

 

As is customary for EIN queries, to minimize innate questionnaire bias, 

this survey was vetted by volunteer infectious disease physicians 

unrelated to the study that provided feedback on sentencing structure and 

format of ranking questions. Provider opinions on caring for older 

PLWH were evaluated on a Likert-type scale with four response choices: 

strongly disagree, somewhat disagree, somewhat agree, strongly agree. 

Respondents were asked to rank the five most important barriers to 

healthy aging of 12 proposed. Respondents were also asked to rank the 

three most valuable resources to assist in the care of older PLWH of six 

proposed. Respondents could provide additional written comments on 

barriers to care and available resources for an aging population 

(Supplementary Table 1).  

 

III Statistical Analyses 

 

Chi-square and Fisher’s exact tests were used for univariate analyses 

comparing demographics between non-respondents and respondents. 

Data were analyzed using SAS software version 9.3 (SAS Institute, 

Cary, NC). This study was not designed for formal qualitative analyses. 

However, respondents did provide comments, and these are provided in 

an online appendix.  

 

Results 

 

I Characteristics of Respondents Compared to Non-Responders 

 

A total of 345 of 681 eligible physicians (51%) responses were collected 

across North America (Table 1). This response rate and the difference in 

demographics are typical of EIN surveys [19-22]. All regions of North 

America were well represented, ranging from 46-59% of members in 

each regional area (divided into New England, Mid Atlantic, East North 

Central, West North Central, South Atlantic, East South Central, West 

South Central, Mountain, Pacific, and Canada). A full range of 

employers and hospital types were represented, and this did not differ 

from non-responders. However, non-responders were significantly more 

likely than respondents to have < 25 years of Infectious Diseases 

experience (p < 0.001). 
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Table 1: Responders as percent of overall members (N=345). 

Region New England 

Mid Atlantic 

East North Central 

West North Central 

South Atlantic 

East South Central 

West South Central 

Mountain 

Pacific 

Canada 

 

24 (9.7%) 

45 (13%) 

50 (14.5%) 

32 (9.3%) 

73 (21.2%) 

19 (5.5%) 

23 (6.7%) 

13 (3.8%) 

64 (18.6%) 

2 (0.6%) 

Years’ experience since ID fellowship  < 5 years 

5-14 

15-24 

≥25 years 

 

*64 (18.6%) 

*110 (31.9%) 

*63 (18.3%) 

108 (31.3%) 

Employment Hospital/clinic 

Private/group practice 

University/medical school 

VA and military 

State government 

 

113 (32.8%) 

96 (27.8%) 

110 (31.9%) 

25 (7.2%) 

1 (0.3%) 

 Primary hospital type Community 

Non-university teaching 

University 

VA hospital or DOD 

City/country 

97 (28.1%) 

84 (24.3%) 

119 (34.5%) 

29 (8.4%) 

16 (4.6%) 

*Non-respondents were significantly more likely than respondents to have < 25 years of infectious diseases experience (P=0.0004). 

DOD- department of defense. 

 

Table 2 

Question Strongly Disagree Somewhat Disagree Somewhat Agree Strongly Agree 

It is difficult and complicated to care for aging persons living 

with HIV 

14 (5%) 66 (23%) 158 (54%) 53 (18%) 

I am confident in my ability to manage the issues that exist in 

aging persons living with HIV 

4(1%) 39 (13%) 195 (67%) 54 (18%) 

I have adequate time to manage the issues that exist in aging 

persons living with HIV 

42 (14%) 121 (41%) 110 (37%) 21 (7%) 

I have adequate multidisciplinary support to manage the issues 

that exist in aging persons living with HIV 

55 (19%) 117 (40%) 94 (32%) 27 (9%) 

 

II HIV Provider Characteristics and Opinions about Caring for 

PLWH 

 

Of those who responded, 294 (43.1%) treated PLWH in the outpatient 

setting and proceeded to answer the remainder of the survey. Roughly 

half (153, 52%) provided primary care to PLWH. Slightly less (138, 

47%) provided care in a Ryan White HIV/AIDS Program funded facility, 

and 168 (57%) practiced in a clinic that provided multidisciplinary 

(mental health, case management, etc.) support. Providers estimated that 

35% (IQR 25-50%) of their population were > 50 years old. Most 

providers agreed that it is difficult to care for aging persons living with 

HIV (72.5% somewhat or strongly agreed) yet were confident in their 

ability to do so (85.3% somewhat or strongly agreed). Less than half 

reported adequate time to manage the issues that exist in aging persons 

living with HIV (44.5% somewhat or strongly agreed) and adequate 

multidisciplinary support (41.3% somewhat or strongly agreed) (Table 

2).  

 

III Perceived Barriers to Healthy Aging in PLWH  

 

Multi-morbidity was most commonly ranked among the top five of 

twelve barriers to healthy aging, followed by low income/savings, 

tobacco/alcohol use, mental illness, polypharmacy, isolation/loneliness, 

cognitive difficulties, frailty/low physical activity, illicit substance use, 

homelessness, high risk sexual behaviors and end of life planning 

(Figure 1). Of the listed barriers, multi-morbidity was most commonly 

ranked number one (n=181, 62%) followed by tobacco/alcohol use 

(n=30, 10%), low income/savings (n=23, 8%), polypharmacy (n=14, 
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5%), mental illness (n=13, 4%), and substance use (n=10, 3%). Very few 

ranked isolation/loneliness (n=8, 3%), frailty/low physical activity (n=6, 

2%), high-risk sexual behaviors (n=3, 1%), homelessness (n=2, 1%), end 

of life planning (n=1, 0%) as a primary barrier to healthy aging. No 

respondents ranked cognitive difficulties as a primary barrier.  

 

IV Useful Resources in the Care of Older PLWH 

 

Lastly, respondents were asked to rank the top three of six resources they 

believed could best assist in the care of older PLWH. Of all potential 

resources, case management was ranked by the most, followed by access 

to mental health providers, expanded guidelines, specialty geriatric 

consultation clinics, access to geriatricians, and access to substance 

abuse treatment centers (Figure 2). Seventy-eight of 294 (26.5%) viewed 

access to case management as the most valuable resource in the care of 

aging PLWH, followed by guidelines 73 (24.8%) and access to mental 

health services 65 (22.1%). Access to a specialty HIV geriatrics clinic 

34 (11.6%) and geriatricians 32 (10.9%) were perceived as less 

important.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Respondents ranked twelve perceived barriers to healthy aging from one (most important) to five (least important).  N = total ranked responses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Respondents ranked the top three of six resources to improve the care of aging PLWH with one being the most needed resource. N = total ranked 

responses. 

 

Discussion 

 

In this survey of HIV specialist opinions and perceptions of caring for 

older PLWH, respondents stated that 35% of their practices are older 

than 50 years of age. A majority of HIV providers recognized that caring 

for older PLWH is complex (72% somewhat or strongly agreed) yet 

remained confident in their ability to care for this population (85% 

somewhat or strongly agreed). This perception contrasts with other 

studies of HIV specialists that report lower levels of comfort in caring 

for non-HIV associated chronic conditions such as hypertension and 

diabetes [23, 24]. This discrepancy may be due to differences in 

confidence related to the general care of PLWH versus care for specific 

non-HIV conditions as our study did not specifically ask about 
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confidence in non-HIV care abilities. Earlier studies have shown that 

HIV specialists provide the majority of primary care for PLWH and 

patients cared for by HIV specialists have experienced better HIV 

associated outcomes than cared for by primary care providers [25, 26].  

 

However, HIV specialists may be less effective in managing non-HIV 

co-morbidities, conditions that have a greater potential to negatively 

affect the health of most older PLWH than does HIV itself. One study 

evaluating age-appropriate cancer screening and diabetes management 

in PLWH found that while PLWH received most HIV-specific health 

maintenance interventions (such as pneumococcal vaccination and 

cervical cancer screening), they had low rates of recommended diabetes 

care (foot examinations, ophthalmologic examinations and 

microalbuminuria screening) [27]. In our study, respondents noted that 

lack of time, lack of multidisciplinary support, and insurance barriers all 

negatively affect the care of older PLWH.  

 

We also found that HIV specialists perceived multi-morbidity as the 

single major barrier to healthy aging in PLWH, followed by low 

income/savings and tobacco/alcohol use. Geriatric syndromes like frailty 

and cognitive difficulties were viewed as less important. When asked 

what resources would be valuable for caring for aging PLWH, 

respondents valued case management, specific care guidelines, and 

mental health providers over geriatric expertise and support. This is not 

surprising, as most HIV providers in North America are trained in 

Internal Medicine or Family Medicine, and as such, are familiar with 

multi-morbidity, but not with geriatric syndromes [11]. Thus, there may 

be value in the future development of novel approaches to care that 

introduce geriatric syndrome diagnosis and management into HIV care. 

Lastly, it should be noted that surveys and focus groups of older PLWH 

suggest their primary concerns as they age are quite different than what 

the providers in this survey prioritize. These include their fragile social 

networks, mental health, and perceptions of cognitive decline [28-30].  

 

The increasing medical and psychosocial complexity of older PLWH 

and projections that there will be an insufficient number of HIV 

providers to care for PLWH supports the urgency of exploring new 

approaches to HIV management. Our data suggest that HIV provider 

“buy-in” is key to implementing and disseminating new care models, 

such as the integration of geriatric assessments. These findings are 

support by a recently published paper detailing the development of the 

“Golden Compass HIV and aging care program” that was designed with 

patient and clinic staff perspectives [31]. The successful implementation 

of geriatric concepts into HIV care on a wider scale will likely require a) 

ongoing education of HIV providers on the changing needs of older 

PLWH and the potential value of geriatric expertise, b) data from 

randomized clinical trials demonstrating the effectiveness of geriatric 

care models, and c). 

 

This study is limited by biases inherent in questionnaire-based work 

[32]. This study is also likely limited by response bias as most 

respondents had been in practice for greater than 25 years, and thus, the 

responses may over-represent views of specialists who trained in a 

different era of HIV care. Lastly, this survey only included input from 

physicians, and the opinions and perceptions cannot be extended to allied 

professionals who also care for older PLWH. 

 

Conclusion 

 

In conclusion, HIV providers recognize the complexity of caring for 

older PLWH, are confident in their ability to care for this population and 

tend not to perceive the impact of geriatric conditions on older PLWH 

nor to value geriatricians. Research designed to evaluate outcomes of co-

morbidities (including geriatric syndromes) in older PLWH are needed 

to answer the question “Undetectable, Now what?”. 

 

Acknowledgements 

 

The authors would like to greatly thank the staff and members of the EIN 

for their work in putting together this study and participating. 

 

Funding 

 

This work was supported by the National Institutes of Health. MYK is 

supported by NIH grant numbers R01MH110057-01, R21 AI134295, 

R01AI128803, and P30 AI035214. This publication was supported by 

the Cooperative Agreement Number, 1 U50 CK000477, funded by the 

Centers for Disease Control and Prevention. Its contents are solely the 

responsibility of the authors and do not necessarily represent the official 

views of the Centers for Disease Control and Prevention or the 

Department of Health and Human Services. 

 

Conflicts of Interest 

 

MYK receives funding to the institution from Gilead Sciences and ViiV 

Healthcare and has served on advisory boards for Gilead Sciences. 

 

REFERENCES 

 

1. SFDPH (2012) SFDPH HIV/AIDS Epidemiology Annual Report. 

2. Deeks S G (2011) HIV infection, inflammation, immunosenescence, 

and aging. Annu Rev Med 62: 141-155. [Crossref] 

3. Erlandson K M, Schrack J A, Jankowski C M, Brown T T, Campbell T 

B (2014) Functional impairment, disability, and frailty in adults aging 

with HIV-infection. Current HIV/AIDS Reports 11: 279-290. 

[Crossref] 

4. Guaraldi G, Orlando G, Zona S, Menozzi M, Carli F et al. (2011) 

Premature age-related comorbidities among HIV-infected persons 

compared with the general population. Clin Infect Dis 53: 1120-1126. 

[Crossref] 

5. Pathai S, Bajillan H, Landay A L, High K P (2014) Is HIV a model of 

accelerated or accentuated aging? J Gerontol A Biol Sci Med Sci 69: 

833-842. [Crossref] 

6. Gallant J E, Adimora A A, Carmichael J K, Horberg M, Kitahata M et 

al. (2011) Essential components of effective HIV care: a policy paper 

of the HIV Medicine Association of the Infectious Diseases Society of 

America and the Ryan White Medical Providers Coalition. Clin Infect 

Dis 53: 1043-1050. [Crossref] 

7. Hinkin C H, Hardy D J, Mason K I, Castellon S A, Durvasula R S et al. 

(2004) Medication adherence in HIV-infected adults: effect of patient 

age, cognitive status, and substance abuse. AIDS 18: S19-S25. 

[Crossref] 

Gerontol Geriatr Res doi:10.31487/j.GGR.2020.01.01       Volume 2(1): 5-6 

https://www.ncbi.nlm.nih.gov/pubmed/21090961
https://www.ncbi.nlm.nih.gov/pubmed/24966138
https://www.ncbi.nlm.nih.gov/pubmed/21998278
https://www.ncbi.nlm.nih.gov/pubmed/24158766
https://www.ncbi.nlm.nih.gov/pubmed/22021928
https://www.ncbi.nlm.nih.gov/pubmed/15075494


Undetectable, Now What                6 

 

8. Kitahata M M, Van S R, Shields A W (2000) Physician experience in 

the care of HIV-infected persons is associated with earlier adoption of 

new antiretroviral therapy. J Acquir Immune Defic Syndr 24: 106-114. 

[Crossref] 

9. Wellons M F, Sanders L, Edwards L J, Bartlett J A, Heald A E et al. 

(2002) HIV infection: treatment outcomes in older and younger adults. 

J Am Geriatrics Society 50: 603-607. [Crossref] 

10. Wilson I B, Landon B E, Ding L, Zaslavsky A M, Shapiro M F et al. 

(2005) A national study of the relationship of care site HIV 

specialization to early adoption of highly active antiretroviral therapy. 

Med Care 43: 12-20. [Crossref] 

11. Moore A, Patterson C, Nair K, Oliver D, Brown A et al. (2015) Minding 

the gap: Prioritization of care issues among nurse practitioners, family 

physicians and geriatricians when caring for the elderly. J Interprof 

Care 29: 401-403. [Crossref]  

12. Lakshmi S, Beekmann S E, Polgreen P M, Rodriguez A, Alcaide M L 

(2018) HIV primary care by the infectious disease physician in the 

United States-extending the continuum of care. AIDS Care 30: 569-

577. [Crossref] 

13. Muiruri C O, Lance Zulling, Leah Weinberger, Morris Bennet, Antonia 

Paul et al. (2017) Does having a primary care provider improve the 

quality of primary cardiovascular disease prevention for people living 

with HIV. Paper presented at the HIV and Aging: From Mitochondira 

to the Metropolois, Decatur, Georgia.  

14. Greene M, Covinsky K E, Valcour V, Miao Y, Madamba J et al. (2015) 

Geriatric Syndromes in Older HIV-Infected Adults. J Acquir Immune 

Defic Syndr 69: 161-167. [Crossref] 

15. John M D, Greene M, Hessol N A, Zepf R, Parrott A H et al. (2016) 

Geriatric Assessments and Association With VACS Index Among 

HIV-Infected Older Adults in San Francisco. J Acquir Immune Defic 

Syndr 72: 534-541. [Crossref] 

16. Greene M, Justice A C, Lampiris H W, Valcour V (2013) Management 

of human immunodeficiency virus infection in advanced age. JAMA 

309: 1397-1405. [Crossref] 

17. Negredo E, Back D, Blanco JR, Blanco J, Erlandson K M et al. (2017) 

Aging in HIV-Infected Subjects: A New Scenario and a New View. 

BioMed Res Int 2017: 5897298. [Crossref] 

18. Singh H K, Del Carmen T, Freeman R, Glesby M J, Siegler E L (2017). 

From one syndrome to many: Incorporating geriatric consultation into 

HIV care. Clin Infect Dis 65: 501-506. [Crossref] 

19. Chary A, Tice A D, Martinelli L P, Liedtke L A, Plantenga M S, 

Strausbaugh L J & Network IDSOAEI (2006) Experience of infectious 

diseases consultants with outpatient parenteral antimicrobial therapy: 

results of an emerging infections network survey. Clin Infectious Dis 

43: 1290-1295. [Crossref] 

20. Guaraldi G, Rockwood K (2017) Geriatric-HIV Medicine Is Born. Clin 

Infect Dis 65: 507-509. [Crossref] 

21. Karris M Y, Beekmann S E, Mehta S R, Anderson C M Polgreen P M 

(2014) Are we prepped for preexposure prophylaxis (PrEP)? Provider 

opinions on the real-world use of PrEP in the United States and Canada. 

Clin Infect Dis 58: 704-712. [Crossref] 

22. Krakower D S, Beekmann S E, Polgreen P M, Mayer K H (2015) 

Diffusion of newer HIV prevention innovations: variable practices of 

frontline infectious diseases physicians. Clin Infect Dis 62: 99-105. 

[Crossref] 

23. Fultz S L, Goulet J L, Weissman S, Rimland D, Leaf D et al. (2005) 

Differences between infectious diseases-certified physicians and 

general medicine-certified physicians in the level of comfort with 

providing primary care to patients. Clin Infect Dis 41: 738-743. 

[Crossref] 

24. Okeke N L, Chin T, Clement M, Chow SC, Hicks C B (2016) Coronary 

artery disease risk reduction in HIV-infected persons: a comparative 

analysis. AIDS Care 28: 475-482. [Crossref] 

25. Kimmel A D, Martin E G, Galadima H, Bono R S, Tehrani A B et al. 

(2016) Clinical outcomes of HIV care delivery models in the US: a 

systematic review. AIDS Care 28: 1215-1222. [Crossref] 

26. Rhodes C M, Chang Y, Regan S, Singer D E, Triant V A (2017) Human 

Immunodeficiency Virus (HIV) Quality Indicators Are Similar Across 

HIV Care Delivery Models. Open Forum Infect Dis 4: ofw240. 

[Crossref] 

27. Sheth A N, Moore R D, Gebo K A (2006) Provision of general and 

HIV-specific health maintenance in middle aged and older patients in 

an urban HIV clinic. AIDS Patient Care STDS 20: 318-325. [Crossref] 

28. Shippy R A, Karpiak S E (2005) The aging HIV/AIDS population: 

fragile social networks. Aging Ment Health 9: 246-254. [Crossref] 

29. Havlik R J, Brennan M, Karpiak S E (2011) Comorbidities and 

depression in older adults with HIV. Sex Health 8: 551-559. [Crossref] 

30. Vance D E, Gakumo C A, Childs G D, Enah C, Fazeli P L (2017) 

Perceptions of Brain Health and Cognition in Older African Americans 

and Caucasians With HIV: A Focus Group Study. J Assoc Nurses AIDS 

Care 28: 862-876. [Crossref] 

31. Greene M L, Tan J Y, Weiser S D, Christopoulos K, Shiels M et al. 

(2018) Patient and provider perceptions of a comprehensive care 

program for HIV-positive adults over 50 years of age: The formation 

of the Golden Compass HIV and aging care program in San Francisco. 

PLoS One 13: e0208486. [Crossref] 

32. Choi B C, & Pak A W (2005) Peer Reviewed: A Catalog of Biases in 

Questionnaires. Prev Chronic Dis 2: A13. [Crossref] 

 

 

Gerontol Geriatr Res doi:10.31487/j.GGR.2020.01.01       Volume 2(1): 6-6 

https://www.ncbi.nlm.nih.gov/pubmed/10935685
https://www.ncbi.nlm.nih.gov/pubmed/11982658
https://www.ncbi.nlm.nih.gov/pubmed/15626929
https://www.ncbi.nlm.nih.gov/pubmed/25300808
https://www.ncbi.nlm.nih.gov/pubmed/28990409
https://www.ncbi.nlm.nih.gov/pubmed/26009828
https://www.ncbi.nlm.nih.gov/pubmed/27028497
https://www.ncbi.nlm.nih.gov/pubmed/23549585
https://www.ncbi.nlm.nih.gov/pubmed/29430462
https://www.ncbi.nlm.nih.gov/pubmed/28387803
https://www.ncbi.nlm.nih.gov/pubmed/17051494
https://www.ncbi.nlm.nih.gov/pubmed/28387817
https://www.ncbi.nlm.nih.gov/pubmed/24319083
https://www.ncbi.nlm.nih.gov/pubmed/26385993
https://www.ncbi.nlm.nih.gov/pubmed/16080098
https://www.ncbi.nlm.nih.gov/pubmed/26479580
https://www.ncbi.nlm.nih.gov/pubmed/27177151
https://www.ncbi.nlm.nih.gov/pubmed/28480238
https://www.ncbi.nlm.nih.gov/pubmed/16706706
https://www.ncbi.nlm.nih.gov/pubmed/16019278
https://www.ncbi.nlm.nih.gov/pubmed/22127042
https://www.ncbi.nlm.nih.gov/pubmed/28802912
https://www.ncbi.nlm.nih.gov/pubmed/30517193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1323316/#__ffn_sectitle

