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Assessing Equitable Adherence to the  
Age-Friendly Health System’s 4Ms 
Framework in an Academic Inpatient Setting

Julia Adler-Milstein, PhD1, Robert Thombley, BS1, Sarah Rosenthal, BA1 ,  
Benjamin Rosner, MD, PhD1 , and Stephanie Rogers, MD1

Abstract
While thousands of health systems have begun to implement the Age-Friendly Health System’s 4Ms Framework to 
improve care for older patients, an important phase of work is achieving consistent adherence to 4Ms care processes. 
Identifying mechanisms that may lead to higher versus lower adherence serves to guide efforts to achieve consistent, 
equitable adherence. Drawing from prior literature, we identified three mechanisms that may influence 4Ms adherence. 
We then conducted a 3-year retrospective, observational study of inpatient encounters (n = 28 833) at UCSF Health 
System with patients aged 65+. We used least squares regression models to assess associations between hospital 
encounter-level measures of 4Ms adherence and proxy measures of patient and encounter characteristics for each 
hypothesized mechanism along with control variables. Encounter-level adherence to the 4Ms was 65.5% (SD = 14.3%). 
We found support for all three mechanisms. Negative implicit biases were associated with lower adherence for patients 
who were obese [0.79 percentage points (PP) lower; P < .001] or on Medicaid (0.64 PP lower; P = .002). Positive implicit 
biases were associated with higher adherence for the oldest old (aged 85+; 2.85 PP higher; P < .001) or with reduced 
mobility (2.01 PP higher; P < .001). Patients with comprehensive geriatrics care contact (ACE unit and a geriatrics consult) 
had 5.33 PP higher adherence (P < .001). While most effects were modest in magnitude, our results suggest that both 
positive and negative implicit biases, as perceived by the provider, may influence the level of 4Ms adherence. Contact with 
comprehensive geriatrics care appeared most influential. These insights can be leveraged to develop strategies to achieve 
equitable delivery of 4Ms care.
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What do we already know about this topic?
The 4Ms Framework promotes delivery of comprehensive, evidence-based care to older adults, yet the complex, inter-
professional nature of the underlying processes makes achieving consistent practice difficult.

How does your research contribute to the field?
Drawing on prior literature, we identify three specific mechanisms that could drive higher versus lower levels of 4Ms 
adherence and then empirically assess them using patient- and encounter-level measures.

What are your research’s implications toward theory, practice, or policy?
Our work reveals variability in adherence to the 4Ms and identifies underlying mechanisms that could be addressed as 
part of ongoing implementation efforts to achieve equitable and reliable practice of the 4Ms.
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Introduction

While thousands of health systems have begun to implement 
the Age-Friendly Health System’s 4Ms Framework designed 
to improve care for older patients, an important phase of 
work is achieving consistent adherence to 4Ms care for every 

older patient. Consistent adherence (also referred to as reli-
able practice) is challenging, particularly in the inpatient set-
ting, because of the interprofessional nature of the care 
processes involved in 4Ms care, and the fact that many pro-
cesses have to be repeated every shift or every 24 hours. 
While prior work has identified barriers to consistent 4Ms 
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implementation at the organizational level,1 these results do 
not address why a given patient encounter may feature higher 
or lower adherence to 4Ms care. Potential barriers span from 
those relevant to any new intervention (eg, limited time, lim-
ited resources) to those specific to the 4Ms (eg, how to 
achieve daily mobility goals using an interprofessional 
team). Understanding the underlying mechanisms through 
which higher versus lower 4Ms adherence occurs directly 
informs needed improvements to implementation to ensure 
consistent adherence as well as equitable delivery of the 4Ms 
for all older adults.

There are three broad mechanisms that prior literature and 
insights from 4Ms implementation suggest may influence the 
level of adherence to the 4Ms. First, given that 4Ms assess-
ments and follow-up actions must be routinely carried out by 
an interprofessional care team that will likely need to use 
nuanced communication (including discussions about What 
Matters to the patient), it is possible that negative implicit 
biases based on characteristics of the patient that are observ-
able to the provider may impact care and adherence. Prior 
work has shown that such biases among health care profes-
sionals in general result in lower adherence to care protocols 
and may impede patient-provider communication.2 By exten-
sion, frontline clinicians may be less likely to adhere to 4Ms 
processes for patients for whom adherence is more challeng-
ing—such as those with limited English proficiency (due to 
communication challenges when discussing medications or 
care goals) or are obese (given equipment-limited mobiliza-
tion challenges). Prior work has also shown that negative 
implicit biases by health care professionals result in patients 
from racial minorities and those who are on Medicaid receiv-
ing less evidence-based care,2,3 which could also manifest as 
lower adherence to a protocolized 4Ms implementation.

While negative implicit biases may be in play, it is also 
possible that positive implicit biases, also based on provider 
observation of patient characteristics, are a second mecha-
nism influencing 4Ms adherence. Specifically, patients with 
visible signs of frailty—in particular the oldest old4 and 
those with visible mobility limitations—may be more likely 
to receive higher levels of adherence because of perceived 
additional value from 4Ms care. For example, a patient who 
appears unstable while walking with a walker to the restroom 
may prompt the care team to investigate the underlying 
causes via 4Ms assessments of high-risk medications and 
possible contributions from active delirium. Lastly, because 
the 4Ms is an intervention requiring interprofessional care, 
patients who come into contact with care that is designed  
to cross disciplines may be more likely to have higher 

adherence. For example, a patient in an Acute Care for the 
Elderly (ACE) unit or who receives a geriatrics consult likely 
would get a comprehensive geriatrics assessment,5 which is 
a multidimensional assessment of not only their medical 
problems, but also functional, social and environmental 
issues (which routinely and historically include assessments 
of the 4Ms). The findings from this type of complex assess-
ment often initiate referrals to interprofessional disciplines, 
physical or occupational therapy, social workers, or pharma-
cists who will work together to form a comprehensive plan to 
support 4Ms care.

To the extent one or more of these mechanisms drives the 
level of 4Ms adherence, it suggests the opportunity to design 
strategies to achieve consistent, equitable adherence. For 
example, if we find evidence that contact with interprofes-
sional care is associated with higher adherence, it suggests 
an imperative to focus the design of 4Ms assessment and 
intervention workflows to optimize expectations and exper-
tise of each discipline by streamlining communication. There 
are also important insights to be gained from examining 
these relationships not only for the 4Ms together as a set but 
also by factors that may influence an individual M’s adher-
ence. It may be that, for example, observable frailty (eg, 
reduced mobility) is associated with higher adherence to 
mobility and mentation care practices due to the more obvi-
ous ties between those Ms and improved mobility. However, 
given the important role medications play in addressing 
frailty-related risks, lower adherence to medication pro-
cesses could point to an opportunity to design workflows that 
standardize medication assessments and interventions.

With the growing opportunities to measure 4Ms adher-
ence in older hospitalized patients, it is now possible to gen-
erate novel insights into what factors are associated with 
higher or lower levels of adherence. In this study, we built 
upon prior measures of 4Ms adherence in an academic inpa-
tient setting to examine the three potential mechanisms 
described above. Taken together, our results reveal where 
there are opportunities to modify approaches to 4Ms imple-
mentation to achieve consistent, equitable adherence—a 
core goal of the Age-Friendly Health System movement.

Methods

Setting and Sample

The University of California, San Francisco Health System 
(UCSF Health) began implementing the 4Ms in 2019 in the 
inpatient setting. The Ms were implemented sequentially 
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beginning with Mentation (which focused on delirium 
assessment and action) followed by Medication then 
Mobility, first in the Acute Care for the Elderly (ACE) unit 
and then spreading to other inpatient units. Standardized care 
practices for What Matters have not yet been defined. 
Additional description of UCSF Health’s 4Ms implementa-
tion and level of maturity is reported by Adler-Milstein et al.1

We identified a cohort of 19 175 UCSF Health patients, 
aged 65 or older with a completed inpatient encounter 
between 1/1/2019 and 12/31/2021 (n = 28 833 encounters). 
We limited encounters to those admitted to an acute care, 
non-psychiatric service, not on hospice care, and any dis-
charge disposition other than the following: “elopement,” 
“left without being seen,” “left against medical advice,” 
“deceased,” or “unknown” in order to ensure we could accu-
rately capture a full picture of care received. We excluded 
encounters with the discharge disposition “deceased” based 
on the premise that these patients did not have the full oppor-
tunity to receive 4Ms adherent care.

This study was approved by the UCSF IRB (IRB 
#20-31 337).

Measures of 4Ms Adherence

For this study we utilized a set of EHR-based, hospital 
encounter-level measures of 4Ms care process adherence that 
were defined and published by Thombley et al.6 The 18 mea-
sures were designed around the Age Friendly care practices 
outlined in IHI’s “Age-Friendly Health Systems: Guide to 
Using the 4Ms in the Care of Older Adults”7 and capture 
adherence to both assessment and action care processes 
within each M, based on the specified frequency of the pro-
cess (eg, each shift, each day, each encounter). In our setting, 
we were able to implement 16 of the measures. To do so, we 
defined the set of all nursing shifts and days where the admit-
ted patient had a status of “inpatient” for each encounter in 
the sample, excluding any days or shifts for which the patient 
was admitted for less than 8 hours or where the patient was 
in the hospital but had a status other than “inpatient” (eg, in 
the emergency department). While What Matters did not 
have standardized care practices at UCSF Health in the study 
timeframe, we used a proxy measures that capture: (1) deliv-
ery of whole-person care that included the existence of spe-
cific types of notes (eg, social work notes, advanced care 
planning notes, social history) as well as notes for care that 
does not typically occur unless requested by the patient (eg, 
chiropractors, music therapists, spiritual care) and (2) 
whether the notes were modified or viewed by someone 
other than the original author.

Given that our research questions focus on adherence to 
each M and the 4Ms as a whole, after calculating adherence 
to each individual care process measure, our five primary 
measures of adherence in this study were composites. The 
hospital encounter-level 4Ms Care Composite is the mean 

of all adherence measures recorded during an entire hospi-
tal encounter, calculated at the M-level and then averaged 
to generate a 4Ms composite. Specifically, since individual 
process measures that comprise the composites have dif-
ferent frequencies—shift, day, hospital encounter—the 
composite aggregates in a frequency-agnostic way, first at 
the M-level and then again across all Ms. Each frequency 
represents an opportunity to deliver 4 Ms-adherent care. 
For example, if a given measure was at the shift level, 
with 6 shifts making up an entire hospital encounter, its 
contribution to the composite was “six” toward the 
denominator and the number of shifts in which the process 
was followed (ie, a value between zero and 6) toward the 
numerator. Similarly, total performance was calculated for 
each M by taking the sum of total performance across all 
care processes within that M, and dividing by the count of 
total opportunities to practice those care processes. 
Finally, the average composite performance was calcu-
lated across all Ms, thereby equally weighting each M at 
25%. Additional detail on all measures can be found in 
prior work.6

Patient and Hospital Encounter Characteristics

To test our three focal mechanisms, we defined a set of seven 
characteristics that we measured for each encounter. 
(Detailed definitions are reported in Supplemental Appendix 
Table 1.) To assess for negative implicit biases based on 
observable patient characteristics, we measured whether the 
patient had limited English proficiency (LEP), whether the 
patient met the definition for obesity (BMI ≥ 30), the 
patient’s self-identified race/ethnicity (with “White” serving 
as the reference group), and whether the patient had Medicaid 
as their insurance. To assess for positive implicit biases based 
on observable patient characteristics, we measured whether 
the patient met the definition of oldest old4 (85+) and 
whether they had reduced mobility (immobile, in a wheel-
chair, or aided). Finally, to assess for contact with compre-
hensive geriatrics care by a specialized geriatrics team, we 
determined whether the encounter included significant time 
in the ACE unit (either discharged from ACE unit or spent at 
least 50% of the encounter in the unit) and/or whether the 
encounter included at least one inpatient geriatric consult. 
The final coding of this categorical variable was: “ACE unit 
stay and geriatrics consult,” “ACE unit stay and no geriatrics 
consult,” “geriatrics consult and no ACE unit stay,” and “no 
geriatrics consult or ACE unit stay.”

Beyond our focal characteristics, we captured an addi-
tional set of 17 characteristics that served as control vari-
ables. These included additional patient demographics (eg, 
sex assigned at birth), prior utilization, clinical complexity 
(eg, comorbidities, MS-DRG), and encounter characteristics 
(eg, medical vs surgical admission, percentage of time spent 
in the ICU, and length of stay).
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Analytic Approach

After calculating descriptive statistics for our sample, we ran 
five ordinary least squares regression models with multi-way 
clustering at the hospital encounter and patient levels. Each 
model included the focal as well as control characteristics. 
The dependent variables were: (1) the 4Ms composite and 
(2) each of the individual M composites. We then generated 
forest plots to support easy visualization of the relationships 
by mechanism. For example, the first figure plots the coeffi-
cients and 95% confidence intervals for the four characteris-
tics related to the negative implicit biases hypothesis. The 
4Ms composite is presented first, followed by each M com-
posite. Lastly, we generated predicted marginal effects that 
we report to capture the magnitude of the differences in 

characteristics that we observe. This approach holds all other 
variables at their mean while comparing the predicted level 
of adherence for one category of a variable versus the other 
(eg, LEP versus non-LEP).

Results

Sample Characteristics

As reported in Table 1, our sample reflected diversity across 
all focal characteristics. For observable characteristics 
hypothesized to trigger negative implicit biases, 16.7% of 
patients had limited English proficiency, and 23.7% met the 
definition of obesity. By race and ethnicity, 58.7% of patients 
in our sample identified as White, 19.5% as Asian, 8.9% as 

Table 1. Sample Characteristics. Individuals 65+ with a UCSF Health Hospital Admission 1/1/2019-12/31/21.

Sample size N  

Patients 19 175  
Total admissions 28 833  
Total admitted-days 182 822  

Focal characteristics by hypothesis N, Patients (%) N, Admissions (%)

Negative implicit biases  
Limited English proficiency 3205 (16.7%) 4954 (17.2%)
Obesity (Patient has BMI ≥ 30) 4550 (23.7%) 6235 (21.6%)
Race/Ethnicity  
White 11 255 (58.7%) 16 362 (56.7%)
Asian 3740 (19.5%) 6020 (20.9%)
Latinx 1715 (8.9%) 2619 (9.1%)
Black or African American 1185 (6.2%) 1980 (6.9%)
Southwest Asian and North African 221 (1.2%) 385 (1.3%)
Native Hawaiian or Other Pacific Islander 103 (0.5%) 139 (0.5%)
Native American or Alaska Native 65 (0.3%) 90 (0.3%)
Other 891 (4.6%) 1238 (4.3%)
Medicaid enrollee 4754 (24.8%) 6475 (22.5%)
Positive implicit biases (visible frailty)  
Age at admission  
65-84 16 605 (86.6%) 24 862 (86.2%)
85+ (“oldest-old”) 2663 (13.9%) 3971 (13.8%)
Reduced mobility (aided, wheelchair, or immobile) 8531 (44.5%) 12 282 (42.6%)
Comprehensive geriatrics care  
No geriatrics consult and no ACE unit stay 17 397 (90.7%) 25 087 (87.0%)
Geriatrics consult and no ACE unit stay 1322 (6.9%) 1419 (4.9%)
ACE unit stay and no geriatrics consult 642 (3.3%) 668 (2.3%)
ACE unit stay and geriatrics consult 1503 (7.8%) 1659 (5.8%)

4Ms Care process adherence (N = 28 833 Admissions) Mean (SD)  

4Ms Adherence: Composite measure 65.5% (14.3%)  
Mentation adherence 77.4% (12.1%)  
Medication adherence 66.9% (22.7)  
Mobility adherence 58.9% (19.6)  
What matters adherence 58.7% (44.7)  
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Latinx, and 6.2% as Black. Across hospital encounters in our 
sample, 22.5% were for patients with Medicaid insurance. 
For observable characteristics hypothesized to trigger posi-
tive implicit biases, 13.8% of encounters were for patients 
who met the definition of oldest old, and 42.6% were for 
patients experiencing reduced mobility. Lastly, for character-
istics of contact with comprehensive Geriatrics care, 5.8% of 
encounters included both an ACE unit stay and a geriatrics 
consult, 4.9% of encounters had a geriatrics consult only 
while 2.3% had an ACE unit stay only. The remaining 87% 
had neither an ACE unit stay nor a geriatrics consult. Hospital 
encounter-level and patient-level measures are included in 
Table 1, and Supplemental Appendix Table 2 contains the 
full set of sample characteristics.

Overall, encounters in our sample had 65% adherence to 
the 4Ms with a standard deviation of 14%. This varied from 
Mentation adherence with a mean adherence of 77% 
(SD = 12%) to Medication adherence (mean = 67%; 
SD = 23%) to Mobility and What Matters adherence (both at 
59% mean adherence and SD = 20% and 45%, respectively; 
Table 1).

Negative Implicit Biases Mechanism

For our first mechanism, we found that obesity and Medicaid 
were associated with lower encounter-level 4Ms provider 

adherence (Figure 1). Obesity was associated with a 0.79 per-
centage point (PP) lower level of adherence (P < .001), such 
that provider adherence for obese patients had a marginal 
effect of 64.8% compared to 65.6% provider adherence for 
non-obese patients (Supplemental Appendix Tables 3–4). 
Broken down by M, this relationship was primarily driven by 
lower adherence for the mobility composite, which had a 
1.29 PP lower provider adherence (P< .001; Supplemental 
Appendix Table 3).

Similarly, the relationship for Medicaid was small in mag-
nitude with a 0.64 PP lower level of provider adherence 
(P = .002) and a marginal effect of 65.0% provider adherence 
for Medicaid patients compared to 65.6% provider adher-
ence for those not on Medicaid (Supplemental Appendix 
Tables 3–4). Broken down by M, Mentation, Mobility, and 
Medication all had lower provider adherence for Medicaid 
patients (P < .05 for all 3 Ms) while What Matters did not 
differ for Medicaid versus non-Medicaid (P = .15).

For the other two measures, we did observe some variation 
by M. For limited English proficiency (LEP), Medication 
adherence was higher (2.09 PP; P < .001) provider adherence 
for patients with LEP. Differences in race and ethnicity cate-
gories reflected a mixed picture by M. For example, com-
pared to patients identifying as White, provider adherence for 
patients identifying as Asian, Latinx, or Native Hawaiian/
Pacific Islander was higher for Medication (P < .001 for all 3 

Figure 1. Associations between proxy variables for negative implicit biases and 4Ms adherence.
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groups). Provider adherence for patients identifying as Black 
was lower for Mobility (P = .02) with no difference in pro-
vider adherence for the other 3 Ms (Figure 1).

Positive Implicit Biases/Visible Frailty Mechanism

Provider 4Ms adherence was higher for both the oldest old 
and those with reduced mobility (Figure 2). Provider adher-
ence for the oldest old was 2.85 PP higher (P < .001), such 
that those in this age group had a marginal effect of 67.9% 
provider adherence compared to 65.1% for those under 85 
(Supplemental Appendix Tables 3–4). Broken down by M, 
this relationship was driven by higher provider adherence for 
Medication (7.91 PP; P < .001) and What Matters (4.25 PP; 
P < .001) and lower provider adherence for Mentation 
(−0.90 PP; P < .001) while Mobility adherence (0.12 PP; 
P = .73) did not differ for the oldest old compared to those 
under 85 (Figure 2; Supplemental Appendix Table 3).

Provider adherence for patients with reduced mobility 
was 2.01 PP higher (P < .001), with a marginal effect of 
66.6% (compared to 64.6% for those for patients without 
reduced mobility, Supplemental Appendix Tables 3–4). This 
was driven by higher provider adherence for Mobility 
(2.08 PP; P < .001) and What Matters (10.07 PP; P < .001), 
while provider adherence for Mentation (−3.37 PP; P < .001) 
and Medication (−1.39 PP; P < .001) were significantly 

lower for those with reduced mobility (Figure 2; Supplemental 
Appendix Table 3).

Contact With Comprehensive Geriatrics Care 
Mechanism

Contact with both forms of a comprehensive geriatrics 
care—the ACE unit and a geriatrics consult—was associated 
with the highest hospital encounter-level 4Ms adher-
ence—5.33 PP (P < .001)—with a marginal effect of 70.3 
(compared with 65.0 for neither; Figure 3; Supplemental 
Appendix Tables 3–4). Broken down by M, this relationship 
was driven by higher adherence for Mentation (1.70 PP; 
P < .001), Mobility (5.18 PP; P < .001), and What Matters 
(12.10 PP; P < .001) while Medication (0.25 PP; P = .66) did 
not differ (Figure 3; Supplemental Appendix Table 3).

Each type of contact on its own was also associated with 
higher adherence [Geriatrics Consult alone: 1.91 PP 
(P < .001); ACE unit Stay alone: 2.03 PP (P < .001)]. 
However, M-specific relationships varied somewhat. A geri-
atrics consult with no ACE unit stay had higher Mobility 
(5.18 PP; P < .001) and What Matters (7.69 PP; P < .001) 
adherence but lower Mentation (-1.07 PP; P < .001) and 
Medication (-4.16 PP; P < .001) adherence. An ACE unit 
stay with no geriatrics consult had higher Mobility (1.60 PP; 
P = .03), Medication (2.32 PP; P = .01), and What Matters 

Figure 2. Associations between proxy variables for positive implicit biases (visible frailty) and 4Ms adherence.
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(4.67 PP; P < .001) adherence while Mentation adherence 
did not differ (−0.47 PP; P = .35; Figure 3; Supplemental 
Appendix Table 3).

Control Variables

Few control variables were associated with meaningfully 
higher or lower 4Ms adherence (Supplemental Appendix 
Table 3). Notably, provider adherence for patients who spent 
a greater portion of their encounter in the ICU had lower 4Ms 
adherence (−7.81 PP; P < .001). We also observed higher 
4Ms adherence for each subsequent year of the study period. 
Relative to 2019, provider 4Ms adherence was 4.53 PP 
(P < .001) higher in 2020 and 7.91 PP (P < .001; 
Supplemental Appendix Table 3).

Discussion

In this study we extended the use of novel hospital encoun-
ter-level measures of 4Ms care process adherence to assess 
whether three hypothesized mechanisms were leading to dis-
parities in receipt of evidence-based care for older adults. 
Overall, our sample had reasonable levels of adherence—
with 65% of opportunities to deliver 4Ms care being fulfilled 
by providers. We did however find support for our three 
hypotheses—such that negative implicit biases based on 
observable characteristics (specifically for proxy measures 
of obesity and Medicaid insurance) may be driving lower 
levels of adherence while positive implicit biases and contact 
with comprehensive geriatrics care may be driving higher 
levels of provider adherence. In terms of overall magnitude 

of differences, our marginal effect estimates were small—
such that no group was receiving markedly higher levels of 
4Ms adherent care. This suggests that these mechanisms may 
be acting on the margin—increasing or decreasing a specific 
instance of a care process (such as a mentation screen during 
one shift) rather than entirely avoiding (or rigorously adher-
ing to) a broad set of processes.

Interestingly, when we broke down adherence by an indi-
vidual M, we did not observe a consistent pattern of higher 
adherence for one M or two Ms driving the overall relation-
ship. This suggests that, when our hypothesized mechanisms 
are in play, it is not because a given M is the more challeng-
ing one (such that it would be the most likely to be avoided 
if the provider observed characteristics of the patient that 
may make doing so more complex) or the most beneficial 
(such that it would be the most likely to be followed, again 
based on provider response to observable characteristics). 
This makes sense given that our bias-related mechanisms are 
general and subconscious—and work through factors such as 
communications challenges that would make any 4Ms care 
process more difficult. Perhaps obesity and mobility are the 
exception to this as we did observe lower mobility adherence 
for older adults who met the definition of obesity. However, 
this was not true for our third hypothesis—where contact 
with comprehensive geriatrics care was associated higher 
mobility adherence—suggesting that understanding how to 
overcome challenges delivering 4Ms care as part of geriat-
rics training is at least part of the underlying mechanism 
driving higher adherence. The mechanisms underlying some 
of our other findings may require further work to understand. 
For example, patients with reduced mobility had lower levels 

Figure 3. Associations between proxy variables for comprehensive geriatrics care and 4Ms adherence.
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of provider adherence to mentation and medication care pro-
cesses. It could be that greater provider attention devoted to 
mobility came at the expense of focus on these two Ms.

Given that we did not find large magnitude differences, 
even where they were statistically significant, it raises the 
question of whether those leading 4Ms implementation 
efforts should focus on addressing these mechanisms versus 
broader efforts to promote better process adherence. Our 
results suggest that a combination might make sense. 
Specifically, we observed some of the largest magnitude 
increases in adherence for the oldest old, with reduced mobil-
ity, who were in the ACE unit and had a geriatrics consult. 
Together, these characteristics identify already known gaps 
in providing care for older adults: lack of ACE units for those 
most vulnerable (ie, the oldest old and those with reduced 
mobility), and lack of Geriatricians and geriatrics-trained 
interprofessional health team members. This is despite the 
fact that ACE units have over 25 years of robust evidence 
showing that they improve clinical and cost outcomes for 
older adults, yet only 43 ACE units exist in US hospitals.8 
20 000 geriatricians are currently needed to care for over 14 
million older Americans but as of 2016, only 7293 geriatri-
cians were practicing.9,10 In contrast, the nursing workforce 
is projected to increase from 3.6 million in 2021 to 4.2 mil-
lion in 2030. However, only 8% of nurse practitioners spe-
cialize in gerontology (compared to 55% specializing in 
family practice), and fewer than 1% of registered nurses are 
certified in geriatrics.11 Therefore, there is a clear need to 
recruit nurses to geriatrics and increase geriatrics training 
more broadly across the nursing workforce. The Partnership 
for Health in Aging has identified interprofessional geriatrics 
training as a priority area, but training has not yet been suf-
ficiently responsive to needed demands.12 Our findings 
therefore add to the already known gaps of caring for older 
adults, and they also suggest what is needed to ensure equity 
in 4Ms care for all older adults: (1) health system invest-
ments in ACE units for every hospital for those most vulner-
able, (2) increases in the Geriatrician workforce, and (3) 
widespread interprofessional geriatrics education.13-15 While 
not a focal variable, our finding that time in the ICU is asso-
ciated with significantly lower adherence to 4Ms care also 
reveals opportunity to work on continuity of 4Ms care across 
units.16,17

Our results also build on previous literature on 4Ms adher-
ence. Notably, evidence from the primary care setting also 
points to inequities in 4Ms adherence based on patient char-
acteristics.18 Specifically, one study found English as a pre-
ferred language to be associated with higher adherence to 
What Matters, Mobility, and Mentation (Depression). Given 
that we did not find LEP to be a predictor of lower adher-
ence, it may be that setting-specific differences account for 
varied relationships. Translators may be more readily avail-
able in the inpatient setting. Alternatively, the primary care 
study was conducted in a primarily non-Hispanic White and 

English-speaking patient population, whereas our setting 
serves a more diverse population that may therefore be better 
equipped to support those patients. Taken together, these 
contrasting findings suggest the need to replicate analyses of 
adherence by patient characteristics in a wider array of set-
tings in order to understand generalizable versus setting-and 
population-specific mechanisms.

Key limitations to our study include that it is a single site, 
and we are evaluating one academic health system’s efforts 
to implement the 4Ms framework. It is likely that overall lev-
els of 4Ms adherence were shaped by UCSF Health’s  priori-
ties within the 4Ms (ie, starting with the goal of reducing the 
prevalence of delirium to improve overall lengths of stay) 
and how it approached education, EHR workflows, etc. 
However, none of these should explain the differential adher-
ence assessed in this paper for the three mechanisms. 
Nonetheless, it will be critical to test these mechanisms in 
other health systems that have implemented the 4Ms. Two of 
our hypotheses were tested using proxy measures as we did 
not have direct measures of negative or positive implicit 
biases. In future work it would be valuable to interview 
frontline clinicians and understand their perceptions of what 
drives higher versus lower adherence. Our measures of 4Ms 
process adherence relied on structured EHR data and did not 
include natural language processing. As a result, some of the 
care delivered may not have been captured in our measures. 
In general, this should not have systematically biased our 
results but there may be specific instances, such as lower 
Medication adherence for encounters with a geriatrics con-
sult, where the medication assessment done by the geriatri-
cian may be in the note and not in a discrete field. Lastly, our 
analytic approach included five outcomes with multiple 
focal variables and a broad set of controls and yielded rela-
tively small effect sizes. Given this, there is a possibility that 
random chance alone accounted for some of our statistically 
significant findings.

Conclusion

Our study assessed levels of adherence to 4Ms care processes 
in an academic inpatient setting to evaluate for factors that 
may be systematically driving lower versus higher adher-
ence. We found support for the three mechanisms assessed 
but small magnitude differences. Moving forward, it will be 
important to understand whether these mechanisms contrib-
ute to variation in adherence within other health systems and 
how best to respond to this variation. In particular, whether 
more general strategies for increasing adherence versus tar-
geted strategies in subpopulations best achieve the ultimate 
goal of reliable and equitable practice of the 4Ms, a vital goal 
of the Age-Friendly Health System movement.

Acknowledgments

N/A



Adler-Milstein et al 9

Data Availability Statement

Data cannot be shared due to institutional restrictions on identified 
data sharing.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was supported by The John A. Hartford Foundation [Grant 
#2020-0056].

Ethical Considerations

This study was approved by the University of California, San 
Francisco IRB (IRB #20-31337).

Consent to Participate

Consent to participate was waived by the University of California, 
San Francisco IRB.

Consent for Publication

N/A

ORCID iDs

Sarah Rosenthal  https://orcid.org/0009-0002-8452-7207

Benjamin Rosner  https://orcid.org/0000-0003-3609-6481

Supplemental Material

Supplemental material for this article is available online.

References

 1. Adler-Milstein JR, Krueger GN, Rosenthal SW, Rogers SE, 
Lyles CR. Health system approaches and experiences imple-
menting the 4Ms: Insights from 3 early adopter health systems. 
J Am Geriatr Soc. 2023;71(8):2627-2639.

 2. Hall WJ, Chapman MV, Lee KM, et al. Implicit racial/eth-
nic bias among health care professionals and its influence on 
health care outcomes: a systematic review. Am J Public Health. 
2015;105(12):e60-e76. doi:10.2105/AJPH.2015.302903

 3. US Department of Health and Human Services. 2013 National 
Healthcare Disparities Report. Published online 2014.

 4. Wu Q, Gu D. Oldest-Old adults. In: Gu D, Dupre ME, eds. 
Encyclopedia of Gerontology and Population Aging. Springer 
International Publishing; 2021;3637-3653.

 5. Welsh TJ, Gordon AL, Gladman JR. Comprehensive geriat-
ric assessment–a guide for the non-specialist. Int J Clin Pract. 
2014;68(3):290-293. doi:10.1111/ijcp.12313

 6. Thombley RL, Rogers SE, Adler-Milstein J. Developing elec-
tronic health record-based measures of the 4Ms to support 
implementation and evidence generation for Age-Friendly 
Health Systems. J Am Geriatr Soc. 2024;72(3):882-891. 
doi:10.1111/jgs.18722

 7. Age-friendly health systems: guide to using the 4Ms in the 
care of older adults. Published online July 2020. Accessed 
January 25, 2023. https://241684.fs1.hubspotusercontent-na1. 
net/hubfs/241684/AgeFriendlyHealthSystems_GuidetoUsing 
4MsCare_FINAL_July2020.pdf

 8. Rogers SE, Flood KL, Kuang QY, et al. The current landscape 
of acute care for elders units in the United States. J Am Geriatr 
Soc. 2022;70(10):3012-3020. doi:10.1111/jgs.17892

 9. Lester PE, Dharmarajan TS, Weinstein E. The looming geri-
atrician shortage: Ramifications and Solutions. Aging Health. 
2020;32(9):1052-1062. doi:10.1177/0898264319879325

 10. The American Geriatrics Society. Current geriatrician short-
fall. 2017. https://www.americangeriatrics.org/sites/default/ 
files/inline-files/Current-Geriatrician-Shortfall_0.pdf#: 
~:text=It%E2%80%99s%20projected%20that%20approxi-
mately%2030%25%20of%20the%2065,to%20care%20for%20
over%2014%20million%20older%20Americans.

 11. Rowe JW. The US eldercare workforce is falling further 
behind. Nat Aging. 2021;1(4):327-329. doi:10.1038/s43587-
021-00057-z

 12. Partnership for Health in Aging Workgroup on Interdisciplinary 
Team Training in Geriatrics. Position statement on interdis-
ciplinary team training in Geriatrics: an essential component 
of quality health care for older adults. J Am Geriatr Soc. 
2014;62(5):961-965. doi:10.1111/jgs.12822

 13. Johnson BP, Dyck MJ, Hovey S, Shropshire MD. 
Gerontological nursing competencies: a crosswalk with 
the 4Ms framework of the age-friendly initiative. Gerontol 
Geriatr Educ. 2023;44(1):51-58. doi:10.1080/02701960.202
1.1974430

 14. Waters L, Marrs SA, Tompkins CJ, et al. Creating interprofes-
sional readiness to advance age-friendly U.S. healthcare. Int 
J Environ Res Public Health. 2022;19(9):5258. doi:10.3390/
ijerph19095258

 15. Vonnes C, Mason TM. Crafting age friendly cancer care: a 
model for improvement utilizing the 4Ms framework across 
the continuum of an NCI-designated cancer center. J Geriatr 
Oncol. 2021;12(1):152-156. doi:10.1016/j.jgo.2020.06.007

 16. Papson JP, Russell KL, Taylor DM. Unexpected events during 
the intrahospital transport of critically ill patients. Acad Emerg 
Med. 2007;14(6):574-577. doi:10.1197/j.aem.2007.02.034

 17. Tobiano G, Ting C, Ryan C, Jenkinson K, Scott L, Marshall 
AP. Front-line nurses’ perceptions of intra-hospital hando-
ver. J Clin Nurs. 2020;29(13-14):2231-2238. doi:10.1111/
jocn.15214

 18. Morgan E, De Lima B, Pleet A, Eckstrom E. Health equity 
in an age-friendly health system: identifying potential care 
gaps. J Gerontol A Biol Sci Med Sci. 2022;77(11):2306-2310. 
doi:10.1093/gerona/glac060

https://orcid.org/0009-0002-8452-7207
https://orcid.org/0000-0003-3609-6481
https://241684.fs1.hubspotusercontent-na1.net/hubfs/241684/AgeFriendlyHealthSystems_GuidetoUsing4MsCare_FINAL_July2020.pdf
https://241684.fs1.hubspotusercontent-na1.net/hubfs/241684/AgeFriendlyHealthSystems_GuidetoUsing4MsCare_FINAL_July2020.pdf
https://241684.fs1.hubspotusercontent-na1.net/hubfs/241684/AgeFriendlyHealthSystems_GuidetoUsing4MsCare_FINAL_July2020.pdf
https://www.americangeriatrics.org/sites/default/files/inline-files/Current-Geriatrician-Shortfall_0.pdf#:~:text=It%E2%80%99s%20projected%20that%20approximately%2030%25%20of%20the%2065,to%20care%20for%20over%2014%20million%20older%20Americans
https://www.americangeriatrics.org/sites/default/files/inline-files/Current-Geriatrician-Shortfall_0.pdf#:~:text=It%E2%80%99s%20projected%20that%20approximately%2030%25%20of%20the%2065,to%20care%20for%20over%2014%20million%20older%20Americans
https://www.americangeriatrics.org/sites/default/files/inline-files/Current-Geriatrician-Shortfall_0.pdf#:~:text=It%E2%80%99s%20projected%20that%20approximately%2030%25%20of%20the%2065,to%20care%20for%20over%2014%20million%20older%20Americans
https://www.americangeriatrics.org/sites/default/files/inline-files/Current-Geriatrician-Shortfall_0.pdf#:~:text=It%E2%80%99s%20projected%20that%20approximately%2030%25%20of%20the%2065,to%20care%20for%20over%2014%20million%20older%20Americans
https://www.americangeriatrics.org/sites/default/files/inline-files/Current-Geriatrician-Shortfall_0.pdf#:~:text=It%E2%80%99s%20projected%20that%20approximately%2030%25%20of%20the%2065,to%20care%20for%20over%2014%20million%20older%20Americans



