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Objective: Recent research demonstrates an increased need to understand the contribution of social determinants of health (SDHs) in shaping an individual’s health status and outcomes. We studied patients with
diabetes in safety-net centers and evaluated associations of their disease complexity, demographic characteristics, comorbidities, insurance status, and primary language with their HbA1c level over time.
Methods: Adult patients with diabetes with at least 3 distinct primary care visits between January 1,
2006, and December 31, 2013, were identified in the CHARN data warehouse. These patients were categorized into 4 groups: those without a diagnosis of cardiovascular disease (CVD) or depression; those
with CVD but not depression; those with depression but not CVD; and those with CVD and depression.
Charlson score; demographic characteristics such as age, sex, and race/ethnicity; and SDHs such as primary language and insurance status were used as predictors. The outcome measure was HbA1c. Hypothesis testing was conducted using 3-level hierarchical linear models.
Results: Baseline HbA1c differed significantly across the 4 diabetes groups and by race/ethnicity. The
amount of HbA1c change over time differed by insurance status. Patients who were continuously insured
tended to have lower baseline HbA1c and a smaller increase. Chinese-speaking patients tended to have
lower baseline HbA1c but a larger increase over time compared with English speakers. There were various unexpected associations: compared with the diabetes-only group, mean HbA1c tended to be lower
among the other more complex groups at baseline; women tended to have lower measures at baseline;
older age and higher Charlson scores were associated with lower HbA1c.
Conclusions: There is still unexplained variability relating to both baseline HbA1c values and change over
time in the model. SDHs, such as insurance status and primary language, are associated with HbA1c, and
results suggest that these relationships vary with disease status among patients with diabetes in safety-net
centers. It is important to recognize that there are complex relationships among demographic and SDH measures in complex patients, and there is work to be done in correctly modeling and understanding these relationships. We also recommend prioritizing the collection of SDH and enabling services data for safety-net patients that
would be instrumental in conducting a more comprehensive study. (J Am Board Fam Med 2016;29:356–370.)
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Social determinants of health (SDHs) contribute to
disparities in health and a higher prevalence of
health-related problems, particularly for medically
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underserved populations. The World Health Organization Commission on Social Determinants of
Health deﬁnes SDHs as “the structural determinants and conditions of daily life responsible for a
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for CHC patients versus 12.6% for the general
low-income US population.16 Moreover, a large
proportion of patients who receive care at CHCs
have complex health needs, including multiple
chronic diseases and behavioral health conditions
(eg, depression or substance abuse).17 Among the
broader US population, those with behavioral
health disorders have signiﬁcantly higher rates of
having comorbid medical conditions,12 a higher
incidence of DM,12 worse DM outcomes over
time,18 and a higher risk of death from DMrelated complications.19 Moreover, the use of
nonpreventive medical services (eg, in an emergency department, hospitalization, 30-day readmission, avoidable hospitalization) is signiﬁcantly
higher among patients with behavioral health
conditions than those without.20,21 Thus it is
important to understand the relationship between behavioral health, medical comorbidities,
and SDHs in CHC settings to understand how
best to serve these high-risk populations.
The Community Health Applied Research Network (CHARN), which was established in 2010,
provides an opportunity to examine some of the
relationships between behavioral health, medical
comorbidities, and SDHs. CHARN consists of 4
safety-net research nodes, each of which has afﬁliated CHCs and an academic or research partner.
Each node includes ⱖ3 CHCs (17 total). The participating CHCs are located in 9 states across the
country, and all have provided standardized data to
the centralized CHARN Data Warehouse (CDW).
The 4 nodes are Alliance of Chicago Community
Health Services (Alliance; Chicago, IL); the Association of Asian Paciﬁc Community Health Organizations (AAPCHO; San Leandro, CA); Fenway
Health (Fenway; Boston, MA); and OCHIN (formerly the Oregon Community Health Information
Network but shortened to OCHIN when other
states joined; Portland, OR).22 Figure 1 shows the
structure of CHARN.
For this retrospective study, we identiﬁed diabetic patients in the CDW and determined
whether they also had a diagnosis of cardiovascular
disease (CVD), depression, or both. DM was chosen as the focus because of the potential complexity
of the disease and its treatment (ie, with or without
comorbidities). In addition, DM is well documented in electronic health records (EHRs), as is
its outcome measure, glycohemoglobin (HbA1c)
level, which enabled us to use EHR data across
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major part of health inequities between and within
countries.”1 SDHs play a powerful role in shaping
health across a wide range of health indicators,
settings, and populations.1–5 Traditional medical
care is not the only inﬂuence on health, and the
effects of medical care may be more limited than
commonly thought, particularly in determining
who becomes sick or injured.3–7 Interest in studying and describing SDHs has increased over the
past few decades,8 –10 and it is clear that SDHs are
associated with suboptimal health status or poor
health-related outcomes,11 such as higher rates of
mental disorders and medical conditions.12 In a
meta-analysis conducted by Lorant and colleagues,13 people with a low socioeconomic status
were 1.8 times more likely to report being depressed than were people with higher status. Lett et
al14 also found that low social support was associated with a 1.5- to 2-times increased the risk of
developing coronary heart disease or experiencing
adverse outcomes associated with coronary heart
disease.
Community health centers (CHCs) are the
health and medical homes for over 22 million
people in the United States, primarily populations that have a disproportionately low income
(93%), are uninsured (35%), or have limited
English proﬁciency (23%).15 Studying these populations provides a unique opportunity to understand and characterize the effect of SDHs on
health care use and health outcomes, and to better identify the factors that increase the risk of
poor health. Typically, CHC patients are poorer,
more racially and ethnically diverse, more likely
to report being in fair or poor health, and more
likely to be unemployed and uninsured than the
broader low-income population.16 For example,
the rate of having diabetes mellitus (DM) or
borderline DM is 19.2% among the CHC population versus 12.0% among the general lowincome US population; the rate of having ⱖ2
health conditions (DM, asthma, hypertension, a
liver condition, coronary heart disease, and emphysema) in a lifetime is 25.4% for CHC patients
but 16.6% for the general low-income US population; and the rate of being uninsured is 34.4%

CHARN CHCs from the centralized CDW. Because 19% of health center patients across the nation have DM or prediabetes,16 it is also important
to learn more about these patients to better allocate
limited CHC resources to improve health outcomes. CVD also poses a signiﬁcant health burden
in vulnerable populations, and depression is a common mental condition among CHC patients that is
closely related to outcomes of other medical conditions.12 In this article we evaluate the association
between DM disease status and change in HbA1c
level over time, and we test whether adverse HbA1c
trajectories are associated with SDH factors. We
treated 2 SDHs—primary language and insurance
continuity—as potential barriers to health care for
CHC patients.23–27 Language barriers in the health
care setting can lead to a delay or denial of services,
issues with medication management, and underuse
of preventive services.23–25 Compared with insured
patients, patients without insurance tend to have
worse access to care, less continuity of care, more
unmet needs, and worse outcomes.26,27 The CDW
includes patient-level demographic information,
insurance coverage status, primary language, and
disease status. We hypothesized that diabetic patients with more complex health proﬁles (ie, pa-
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tients with comorbidities) experience more adverse
HbA1c trajectories (change over time) than less
complex patients and that these trajectories are
associated with demographic and SDH characteristics.

Methods
Study Population
We retrospectively identiﬁed nonpregnant patients
in the CDW who had at least 1 primary care visit
per year for 3 consecutive years and who were aged
ⱖ18 years on December 31, 2009. Of these, patients with at least 2 visits with DM-related International Classiﬁcation of Diseases, 9th Revision
(ICD-9) codes were considered to have DM28; the
DM index date was deﬁned as the date of the
second visit at which DM was identiﬁed.
Data Source
We used version 2 (November 2014) of the CDW,
which contains EHR data on nearly 1 million patients who made ⱖ1 primary care visits to any of
CHARN⬘s 17 CHCs between January 1, 2006, and
December 31, 2013. The CDW is housed within
the CHARN data coordinating center and is stored
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Figure 1. Structure of the Community Health Applied Research Network (CHARN).22 *Overall governance of the
network is the responsibility of the CHARN Steering Committee (SC). The SC is responsible for approving final
decisions, establishing subcommittees, affirming their charters, and appointing subcommittee chairs. †Asian
Health Services, CA; Charles B. Wang Community Health Center, NY; Waianae Coast Comprehensive Health Center,
HI; Waimanalo Health Center, HI. ‡Erie Family Health Center, IL; Glide Health Services, CA; Heartland Health
Outreach, IL; Howard Brown Health Center, IL; Near North, IL; North Country Health Care, AZ; PCC Community
Wellness Center, IL. §Beaufort Jasper Hampton Comprehensive Health Services, SC; Chase Brexton Health Services,
MD; Fenway Health, MA. ¶Multnomah County Health Department, OR; Richmond Clinic, OR; Open Door Community
Health Center, CA; Virginia Garcia Memorial Health Center, OR. AAPCHO, Association of Asian Pacific Community
Health Organizations; DCC, Data Coordinating Center at the Kaiser Permanente Center for Health Research,
Portland, Oregon; UCLA, University of California, Los Angeles.

Measures
All information was retrospectively collected from
the CDW. Self-reported measures included age
calculated as of 2013, sex, race/ethnicity, and primary language. Insurance status was determined
based on documented coverage at each encounter
and was coded according to whether patients had
been continuously insured across all encounters,
had gaps in insurance coverage (ie, a lapse of insurance coverage of ⬎30 days), or had been continuously uninsured. To assess health care use, we calculated the average annual number of visits. We
evaluated primary language and insurance status as
our SDH factors.
To adjust our analyses for patients’ overall comorbidity burden, we computed the Charlson index score based on the ICD-9 codes documented in
the EHR during a 12-month period (between 10
months before and 2 months after the index date).
The Charlson index was designed to estimate the
long-term prognosis and lethality of comorbid patients and is based on a point-scoring system (from
0 to 40) for the presence of speciﬁc associated
diseases. Points are accumulated according to the
associated diseases and a single point for each 10
years of age for patients older than 40 (in 50 years,
1 point; 60 years, 2 points; etc.). The distinguishing
feature and undisputed advantage of the Charlson
index is its ability to evaluate a patient’s age and
determine his or her mortality rate, which in the
absence of comorbidity (0 points) is 12%, at 1 or 2
points is 26%, at 3 or 4 points is 52%, and at ⱖ5
points is 85%. In 1992 Deyo et al30 added to this
index chronic forms of ischemic cardiac disorder
and the stages of chronic cardiac insufﬁciency.
Diabetic patients were categorized using
ICD-9 codes as: without a diagnosis of CVD or
depression (DM-only); with only a diagnosis
of CVD (DM ⫹ CVD); with only a diagnosis of
depression (DM ⫹ DEP); or with diagnoses of
doi: 10.3122/jabfm.2016.03.150226

both CVD and depression (DM ⫹ CVD ⫹
DEP). CVD or depression diagnosed within 60
days of the DM index date was considered a
comorbidity. The outcome measure in this study
was change in HbA1c level over time. ICD-9
codes used to deﬁne these conditions are listed in
Table 1.
After careful discussion, we chose the abovementioned variables to describe the patients’ basic
demographics, SDHs, and disease status without
having to include so many variables that the models
would not have enough power. We considered
other variables such as homeless status and federal
poverty level, but because of the incompleteness of
the data in CDW version 2.2, we were not able to
include them in the study.

Data Analysis
Population characteristics are described using means
and standard deviations (SDs), percentages, and counts.
Signiﬁcance tests for differences in patient characteristics between disease groups were not performed because
we did not have hypotheses of interest related to these
comparisons. Observed differences are described for selected characteristics to orient the reader to the population studied. The hypothesis was tested using 3-level
hierarchical linear models in a growth curve framework31–33 to account for correlated observations of repeated measures within patients and for patients within
CHCs. The ﬁrst level of the model included time (years
from index diagnosis) as a predictor, thus modeling the
within-person variation. The second level included
dummy variables for the DM groupings (referent: DMonly group) and for the other categorical (also dummy
coded) and continuous person-level predictors for both
the intercept and slope for time random effects. Personlevel predictors included age, Charlson index score, sex,
race/ethnicity, insurance status, primary language, and
average number of annual primary care visits. The third
level of the model was the CHC level and included node
(dummy coded) as a predictor of the level-2 intercept
and slope random effects. The interpretation of a significant coefﬁcient for a given nonreferent group (ie, DM
⫹ CVD, DM ⫹ DEP, or DM ⫹ CVD ⫹ DEP) on the
intercept indicates that the nonreferent group differs
from the referent group (DM only) on HbA1c level at
the time of the DM diagnosis, whereas a signiﬁcant
coefﬁcient for the slope of time indicates that there are
different trajectories across time. These interpretations
assume that all other variables are held constant. We
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behind a secure ﬁrewall on an SQL Server (R2012)
using industry-standard encryption at the Kaiser
Permanente Center for Health Research. The research nodes upload the EHR-based CHC limited
data sets to the secure website at the data coordinating center from their local data warehouses,
which conform to a standardized SQL relational
database schema.29 All CHARN studies, including
this one, have received institutional review board
approval.

Diagnosed Condition
Diabetes

Cardiovascular
Disease

Depression

Primary Care Visit/Problem List

ICD-9 Codes

Diabetes mellitus
Polyneuropathy in diabetes
Diabetic retinopathy
Background diabetic retinopathy
Proliferative diabetic retinopathy
Nonproliferative diabetic retinopathy NOS
Mild nonproliferative diabetic retinopathy
Moderate nonproliferative diabetic retinopathy
Severe nonproliferative diabetic retinopathy
Diabetic macular edema
Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Major depressive affective disorder, single episode
Major depressive affective disorder, recurrent episode
Atypical depressive disorder
Depressive type psychosis
Dysthymic disorder
Chronic depressive personality disorder
Adjustment disorder with depressed mood
Prolonged depressive reaction
Adjustment disorder with mixed anxiety and depressed mood
Depressive disorder, not elsewhere classiﬁed

250.xx
357.2
362.0
362.01
362.02
362.03
362.04
362.05
362.06
362.07
410.x, 412.x
428.x
443.9, 441.x, 785.4, V43.4
430.x to 438.x
296.2x
296.3x
296.82
298.0
300.4
301.12
309.0
309.1
309.28
311

ICD-9, International Classiﬁcation of Diseases, 9th Revision; NOS, not otherwise speciﬁed.

assessed interactions with DM status for the SDH measures insurance status and primary language.
We modeled all available HbA1c values collected from patients from their index date through
2013. Models estimated index and slope coefﬁcients (␤) corresponding to node and to each of the
person-level measures described above. Because of
the complexity of this base model, we used separate
models to examine the interaction effects between
DM status and each individual covariate. We
probed signiﬁcant interactions by graphing the
simple-effects equations to determine the nature of
the interaction. Linear contrasts were performed to
obtain overall P values for variables with ⬎2 categories. Associations were considered statistically
signiﬁcant at the level of P ⱕ .05.

Results
Population Characteristics
A total of 114,845 patients in the CDW met the
age and health care visit criteria for our study. Of
these, 17,360 (15.1%) had been diagnosed with
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DM. Compared with patients who had not been
diagnosed with DM, patients with DM were older
(mean, 59.4 years [SD, 13.7 years] vs 47 years [15.7
years]). Patients with DM were also more likely to
be male (42.8% vs 34.8%) and more likely to be
non-Hispanic Asian American, Native Hawaiian,
or other Paciﬁc Islander (42.9% vs 35.7%) (Table
2). In addition, more patients with DM than those
without were insured through Medicare (13.4% vs
5.6%) and fewer had private insurance (4.2% vs
11.7%) (data not shown).
Among the 17,360 patients who had been diagnosed with DM, 13,790 (79.4%) had DM only, 817
(4.7%) had DM ⫹ CVD, 2,495 (14.3%) had DM ⫹
DEP, and 258 (1.5%) had DM ⫹ CVD ⫹ DEP
(Table 3). The mean (SD) age at the index date for
each group was 54.7 (13.4), 61.9 (12.5), 50.7 (12.2),
and 58.2 years (10.7 years), respectively. The 2
groups of patients with depression (DM ⫹ DEP or
DM ⫹ CVD ⫹ DEP) had a noticeably higher
percentages of women and non-Hispanic whites
than the groups with DM only or DM ⫹ CVD,
http://www.jabfm.org
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Table 1. International Classification of Diseases, 9th Revision Codes of Diabetes, Cardiovascular Disease, and Depression

Patients with
Diabetes

Sex
Male
Female
Transgender
Missing or unknown
Race/ethnicity
Hispanic
Non-Hispanic white
Non-Hispanic black
Non-Hispanic Asian or Paciﬁc Islander
Other*
Missing or unknown
Primary language
English
Spanish
Cantonese or Mandarin
Other
Missing or unknown

Patients without
Diabetes

Total

n

Col %

n

Col %

n

Col %

7,426
9,914
20
0

42.8
57.1
0.1
0.0

33,943
63,107
430
5

34.8
64.7
0.4
0.0

41,369
73,021
450
5

36.0
63.6
0.4
0.0

3,212
4,378
1,740
7,444
502
84

18.5
25.2
10.0
42.9
2.9
0.5

17,263
29,103
11,368
34,802
4,261
688

17.7
29.9
11.7
35.7
4.3
0.7

20,475
33,481
13,108
42,246
4,763
772

17.8
29.2
11.4
36.8
4.1
0.7

8,284
2,728
3,891
1,689
768

47.7
15.7
22.4
9.8
4.4

48,877
12,532
22,090
6,246
7,740

50.1
12.9
22.7
6.4
7.9

57,161
15,260
25,981
7,935
8,508

49.8
13.3
22.7
6.9
7.4

*Includes American Indian and multiracial. Col %, column percentages.

whereas the latter groups had larger percentages of
non-Hispanic Asian American, Native Hawaiian,
or other Paciﬁc Islander. The DM-only group had
the largest percentage of patients whose primary
language was not English and the smallest percentage of patients with ⱖ5 annual visits. The 2 groups
with CVD (DM ⫹ CVD or DM ⫹ CVD ⫹ DEP)
had larger percentages of patients who were continuously insured (Table 3).
Multilevel Models

Base Model
Because of missing records for some measures, the sample size was reduced to 14,878 patients from 14 CHCs
for the multilevel models. Eight percent of patients were
missing HbA1c levels, 3% were missing primary language, and 2% were missing insurance status.

Associations with Index Date
After adjusting for age, sex, Charlson score, race/
ethnicity, and node, the estimated marginal mean
HbA1c level differed signiﬁcantly across the 4
DM groups at the index date (P ⬍ .001 overall)
(Table 4). Contrary to our hypothesis, compared
with the DM-only group, mean HbA1c level

doi: 10.3122/jabfm.2016.03.150226

tended to be lower for the groups with diagnosed
depression (DM ⫹ DEP and DM ⫹ CVD ⫹
DEP groups) at the index date. We also found an
association between mean HbA1c level and primary language (P ⫽ .009), such that Chinesespeaking patients had a lower HbA1c level than
did English speakers (␤ ⫽ ⫺0.213; P ⫽ .028). In
addition, compared with patients who were continuously insured (P ⫽ .002 overall), those who
were continuously uninsured (␤ ⫽ 0.375; P ⫽
.010) or who had gaps in insurance (␤ ⫽ 0.133;
P ⫽ .022) tended to have higher mean HbA1c levels
at the index date (Figure 2A, Table 4). HbA1c level at
the index date also varied signiﬁcantly by race/ethnicity (P ⬍ .001 overall); non-Hispanic African Americans (␤ ⫽ 0.314; P ⫽ .004) and those in the “other”
category (including American Indians and those who
identiﬁed as multiracial; ␤ ⫽ 0.393; P ⫽ .009) experiencing higher mean HbA1c compared with nonHispanic whites. Women tended to have lower measures at the index date than men (␤ ⫽ ⫺0.231; P ⬍
.001). Unexpected index date associations included
negative relationships of age (␤ ⫽ ⫺0.014; P ⫽ .001)
and Charlson index score (␤ ⫽ ⫺0.091; P ⫽ .011)
with HbA1c level.
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Table 2. Characteristics of Adult Community Health Applied Research Network Patients with at Least One Primary
Care Visit per Year, for at Least 3 Consecutive Years, between January 1, 2006, and December 31, 2013 (N ⴝ 114,845)

Age in 2013 (years), mean (SD)
Sex
Male
Female
Transgender
Missing/unknown
Race/ethnicity
Hispanic
Non-Hispanic white
Non-Hispanic black
Non-Hispanic Asian/Paciﬁc Islander
Other*
Missing/unknown
Primary language
English
Spanish
Cantonese/Mandarin
Other
Missing/unknown
Insurance status
Continuously insured
Continuously uninsured
Insurance gaps†
Missing or unknown
Charlson index, mean (SD)
Number of annual visits
1 or 2
3 or 4
ⱖ5

DM Only
(n ⫽ 13,790)

DM ⫹ CVD
(n ⫽ 817)

DM ⫹ DEP
(n ⫽ 2,495)

DM ⫹ CVD ⫹ DEP
(n ⫽ 258)

54.7 (13.4)

61.9 (12.5)

50.7 (12.2)

58.2 (10.7)

6156 (45)
7624 (55)
10 (⬍1)
0 (0)

402 (49)
415 (51)
0 (0)
0 (0)

763 (31)
1722 (69)
10 (⬍1)
0 (0)

105 (41)
153 (59)
0⬍ (0)
0 (0)

2682 (19)
2912 (21)
1419 (10)
6314 (46)
289 (2)
64 (1)

63 (8)
246 (30)
90 (11)
391 (48)
13 (2)
7 (1)

453 (18)
1104 (44)
197 (8)
656 (26)
39 (2)
11 (0)

14 (5)
116 (45)
34 (13)
83 (32)
4 (2)
2 (1)

5919 (43)
2308 (17)
3514 (26)
1395 (10)
654 (5)

494 (61)
49 (6)
158 (19)
71 (9)
45 (6)

1677 (67)
358 (14)
196 (8)
203 (8)
61 (2)

194 (75)
13 (5)
23 (9)
20 (8)
8 (3)

7656 (56)
2174 (16)
3476 (25)
484 (4)
1.2 (0.8)

614 (75)
41 (5)
145 (18)
17 (2)
2.4 (1.0)

1478 (59)
251 (10)
747 (30)
19 (1)
1.5 (1.1)

195 (76)
7 (3)
55 (21)
1 (0)
2.6 (1.4)

1775 (13)
4902 (36)
7113 (52)

51 (6)
207 (25)
559 (68)

181 (7)
565 (23)
1749 (70)

12 (5)
40 (16)
206 (80)

Data are n (%) unless otherwise indicated.
*Includes American Indian and multiracial.
†
Includes a single encounter.
CVD, cardiovascular disease; DEP, depression; DM, diabetes mellitus; SD, standard deviation.

Trajectory Associations
The trajectory (slope) of the HbA1c level differed
by insurance status (P ⫽ .014 overall) (Table 5).
Patients who were continuously uninsured had
steeper increasing trajectories than did those who
were continuously insured (␤ ⫽ 0.054; P ⫽ .024).
Primary language did not reach statistical signiﬁcance (P ⫽ .052), but Chinese-speaking patients
had a more positive slope on HbA1c level than did
English speakers (␤ ⫽ 0.039; P ⫽ .051), meaning
that HbA1c level increased more rapidly for Chinese-speaking patients over time (Table 5). Among
the adjustor variables, older age was associated with
a decreased trajectory of HbA1c level compared
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with younger patients (␤ ⫽ ⫺0.003; P ⬍ .001).
Model results indicated that there is still signiﬁcant
unexplained variability relating to both the index
date and trajectories after accounting for the variables in the model.

Interaction Models
Because of the complexity of the multilevel models,
we ﬁt 2 separate interaction models to evaluate
potential interactions of insurance status and primary language with DM status. Each interaction
term was evaluated separately by adding it to the
base model described above.
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Table 3. Characteristics of Adult Patients with Diabetes in the Community Health Applied Research Network Who
Had at Least One Primary Care Visit over at Least 3 Consecutive Years

Category for Intercept
Differences for Mean
HbA1c
Node

Age (at baseline)
Charlson index score
Sex
Race/ethnicity

Insurance status
Primary language

Health care use‡

Fixed Effects
Grand mean at baseline (intercept)†
Mean HbA1c level difference, node 2 vs node 1
Mean HbA1c level difference, node 3 vs node 1
Mean HbA1c level difference, node 4 vs node 1
Each additional year of age
Each additional Charlson index score point
Female vs male
Hispanic vs non-Hispanic white
Non-Hispanic black vs non-Hispanic white
Non-Hispanic Asian or Paciﬁc Islander vs nonHispanic white
Non-Hispanic other vs non-Hispanic white
Continually uninsured vs continually insured
Insurance gaps vs continually insured
Spanish vs English
Cantonese or Mandarin vs English
Other language vs English
3 or 4 Visits vs 1 or 2 visits
ⱖ5 Visits vs 1 or 2 visits

␤
Coefﬁcient

SE
(␤)

P
Value

Linear Contrast
P Values

7.768
⫺0.577
⫺0.391
⫺0.387
⫺0.014
⫺0.091
⫺0.231
0.137
0.314
0.015

0.172
0.113
0.232
0.083
0.002
0.031
0.040
0.112
0.090
0.087

⬍.001
⬍.001
.123
⬍.001
.001
.011
⬍.001
.243
.004
.865

⬍.001

0.393
0.375
0.133
0.035
⫺0.213
0.079
0.012
0.092

0.128
0.125
0.051
0.145
0.086
0.104
0.081
0.101

.009
.010
.022
.812
.028
.457
.889
.383

NA
NA
NA
⬍.001

.002
.009

.296

*This multilevel model predicted mean HbA1c level as a function of diabetes status, primary language, and insurance status, adjusting
for age, Charlson index score, sex, race/ethnicity, and node.
†
Assuming all other covariates equal zero.
‡
Average number of annual primary care visits.
NA, not available; SE, standard error.

We found a statistically signiﬁcant interaction between insurance status and DM status (P ⫽ .024 overall):
there was a signiﬁcant uninsured versus insured vector
for DM ⫹ DEP versus DM-only interaction (␤ ⫽
⫺0.441; P ⫽ .008). HbA1c at the index date did not

differ among patients with DM ⫹ DEP between those
who were uninsured and those who were insured; however, patients with DM only who were uninsured tended
to have higher HbA1c at the index date compared with
those who were insured (Figure 2).

Figure 2. Insurance status. Baseline interaction of HbA1c with insurance status and diabetes status in the diabetes
mellitus [DM] ⴙ cardiovascular disease [CVD] ⴙ depression [DEP] group (A) compared with DM-only group (B).
For the DM ⴙ CVD ⴙ DEP group, baseline HbA1c did not differ among insurance groups, whereas for those with
DM only, uninsured patients had higher baseline HbA1c.
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Table 4. Intercept Coefficients: Estimated Marginal Mean Differences in Average HbA1c Level at the Index Date*

Category for Slope
differences for mean
HbA1c
Node

Age (at baseline)
Charlson index score
Sex
Race/ethnicity

Insurance status
Primary language

Health care use‡

Fixed Effects
Grand mean at baseline†
Mean HbA1c level difference, node 2 vs node 1
Mean HbA1c level difference, node 3 vs node 1
Mean HbA1c level difference, node 4 vs node 1
Each additional year of age
Each additional Charlson index score point
Female vs male
Hispanic vs non-Hispanic white
Non-Hispanic black vs non-Hispanic white
Non-Hispanic Asian or Paciﬁc Islander vs nonHispanic white
Non-Hispanic other vs non-Hispanic white
Continually uninsured vs continually insured
Insurance gaps vs continually insured
Spanish vs English
Cantonese or Mandarin vs English
Other language vs English
3 or 4 Visits vs 1 or 2 visits
ⱖ5 Visits vs 1 or 2 visits

␤
Coefﬁcient

SE
(␤)

P
Value

Linear Contrast
P Values

0.033
⫺0.006
0.015
0.006
⫺0.003
⫺0.002
0.016
0.052
⫺0.005
⫺0.014

0.027
0.021
0.040
0.017
0.000
0.006
0.009
0.028
0.030
0.023

0.241
0.795
0.723
0.711
⬍0.001
0.796
0.075
0.087
0.858
0.559

⬎.500

⫺0.052
0.054
⫺0.002
⫺0.060
0.039
0.019
⫺0.020
⫺0.024

0.047
0.021
0.010
0.034
0.018
0.027
0.020
0.021

0.284
0.024
0.833
0.101
0.051
0.479
0.333
0.280

NA
NA
NA
.22

.014
.052

⬎.500

*This multilevel model predicted mean HbA1c level as a function of diabetes status, primary language, and insurance status, adjusting
for age, Charlson index score, sex, race/ethnicity, and node.
†
Assuming all other covariates equal zero.
‡
Average number of annual primary care visits.
NA, not available; SE, standard error.

In addition, the interaction of primary language
with DM status was signiﬁcant for both index date
and trajectories of mean HbA1c level. There was a
signiﬁcant Spanish versus English language vector
for DM ⫹ DEP versus DM-only vector interaction
at the index date (␤ ⫽ ⫺0.285; P ⫽ .008): for
patients in the DM ⫹ DEP group, those who spoke
Spanish as their primary language had a lower
HbA1c value at the index date than did those who
spoke English as their primary language, but for
patients in the DM-only group, the HbA1c value at
the index among those who spoke Spanish as their
primary language did not seem to differ that of
those who spoke English (Figure 3). There was also
a signiﬁcant Spanish versus English language vector for the DM ⫹ CVD versus DM-only interaction on the time trajectory (␤ ⫽ ⫺0.171; P ⫽ .016).
Among those who spoke Spanish as their primary
language, HbA1c declined more over time in the
DM ⫹ CVD group than in the DM-only group.
Moreover, among those who spoke English as their
primary language, HbA1c level appeared to in-
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crease more quickly in the DM ⫹ CVD group than
in the DM-only group; that is, the differential in
the positive and negative trajectories over time was
larger in the DM ⫹ CVD group than in the DMonly group for English and Spanish speakers, respectively.
For both interaction models, coefﬁcient estimates and signiﬁcance levels of the main effects and
adjustor variables remained consistent with those
estimated in the base model.

Discussion
To our knowledge, this is the ﬁrst published study
to examine the relationships among SDHs, DM,
CVD, and depression in a large national cohort of
safety-net CHC patients. Our results demonstrated
that 2 SDH factors, primary language and insurance status, were associated with HbA1c level
among adult patients with at least annual visits to
CHCs over a 3-year period and that these associations varied with disease status, although not always
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Table 5. Slope Coefficients: Estimated Marginal Mean Differences in Average Change or Slope (Trajectory) of
HbA1c Level for Every Unit Change in the Variable*

in the directions hypothesized. Our results also
indicated that, after accounting for these SDH factors and adjusting for CHC, node, and traditional
demographic measures, there was still signiﬁcant
unexplained variability relating to both baseline
HbA1c measures and trajectories.
In this study continuously uninsured patients
and those with insurance gaps tended to have
higher mean HbA1c levels at the index date, and
trajectories over time were steeper in the uninsured group. These results are consistent with
other ﬁndings suggesting that compared with insured patients, those without insurance tend to
have worse access to care, less continuity of care,
more unmet needs, and worse outcomes.26,27 In
our analysis the interaction detected between insurance status and DM status suggests that, in
CHC populations, the previous ﬁnding may depend to some extent on patients’ documented

doi: 10.3122/jabfm.2016.03.150226

comorbidities. Among patients with DM ⫹ DEP,
lack of insurance was not associated with index
HbA1c level as it was in the DM-only group.
One interpretation is that more complex patients
are followed more closely by providers regardless
of insurance status; these patients may also be
more proactive in seeking care and complying
with therapy in the CHC setting. Alternatively, it
may be that uninsured patients in the DM-only
group had greater frequencies of undetected/undocumented comorbid disease (thus not accounted for in the Charlson index score), or had
more advanced DM at the index date. Overall,
these ﬁndings support the notion that continued
efforts are needed to identify, describe, and address disparities in and access to insurance coverage.
We detected multiple associations between
HbA1c level, primary language, and DM status.
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Figure 3. Interactions of HbA1c with primary language and diabetes status in the diabetes mellitus [DM]– only
group (A), the DM ⴙ cardiovascular disease [CVD] group (B), and the DM ⴙ CVD ⴙ depression [DEP] group (C).
Among those for whom Spanish was the primary language, HbA1c declined over time to a greater degree in the DM
ⴙ CVD (B) group compared to the DM-only group (A). For the DM ⴙ CVD ⴙ DEP group (C), Spanish speakers
had lower baseline HbA1c than English speakers compared with the DM-only group (A), in which a baseline
difference was not detected between English and Spanish speakers.
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coordination may refer patients with HbA1c ⬎8%
to care coordination services, which may result in
improved health outcomes compared with patients
not receiving services.45 In addition, more complex
patients may have more visits,46 providing more
opportunities for HbA1c monitoring and intervention, or providers may view controlling HbA1c as a
more urgent priority in patients with multiple comorbidities. Services and treatments received for
the comorbidities could also have contributed to
the stability of and adherence to DM treatment,
even when the use of DM-related services was
comparable.47 In addition, patients in the more
complex DM groups, because of their disease status, could have been receiving more social support
from their family, friends, and community, which
contributes to better monitoring of their conditions. Another possibility is that, relative to other
groups, the DM-only group may have been earlier
in the identiﬁcation/trajectory of disease and therefore less likely to have established stable treatment
and monitoring patterns and/or tended to have
additional undetected or undocumented health
conditions.
Limitations
Our results should be interpreted with caution because of the observational nature of the study and
the variability in EHR documentation/coding practices across multiple systems. In addition, our results relate only to patients who had ⱖ1 visits for at
least 3 consecutive years in a CHC ambulatory
setting. Our results may not apply to patients who
do not meet these criteria or who may be more
vulnerable to poor health-related outcomes because of more social, clinical, economical, and logistic barriers than the patients studied. In addition,
there are likely unmeasured covariates or confounders (including other SDHs) that may inﬂuence HbA1c. For example, we were unable to account for potentially important SDHs such as
health literacy, housing status, and domestic violence. These unmeasured SDHs could have contributed to some of the unexplained variance in the
models. The relationships between the unmeasured
SDHs and the SDH variables in this study (insurance status and primary language) may also inﬂuence a patient’s disease status. In addition, our use
of the Charlson index score to adjust for comorbidity burden does not account for conditions that
are not predictive of mortality but do affect, for
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This is consistent with previous studies that primary language is associated with receipt of recommended health care34,35 and that language barriers
contribute to health disparities in patients with
DM.36 Our ﬁndings may also reﬂect the inﬂuences
of cultural, genetic, or socioeconomic factors
and/or health care access (or lack thereof). For
example, among Chinese speakers, we saw a lower
index HbA1c value and a steeper (positive) trajectory over time. Previous studies indicate that Asian
Americans are at higher risk for DM than their
white counterparts.37,38 Our results may suggest
that the trajectory of the disease could potentially
be more aggressive in this population, which may
warrant more diligent monitoring. Such monitoring could include assessment of medications adherence or cultural perceptions/acceptance regarding
available therapies.39 Protective associations noted
for speakers with limited English proﬁciency compared with English speakers in the more complex
disease groups compared with the DM-only group
(ie, HbA1c at the index date in the DM ⫹ DEP
group and trajectory differential for the DM ⫹
CVD group) may reﬂect more intensive monitoring or increased access to and effectiveness of culturally appropriate enabling services.
We also found some unexpected associations:
both groups with depression diagnoses (DM ⫹
DEP and DM ⫹ CDV ⫹ DEP) had a lower HbA1c
at the index date compared with the DM-only
group; older age was associated with a lower
HbA1c at the index date and a declining trajectory
over time; and lower Charlson index scores were
associated with steeper increasing trajectories, contradicting earlier studies that higher HbA1c is associated with depression,40,41 older age,42 and more
comorbidities.43 Similar ﬁndings have been observed previously in CHC settings,44 however, and
are consistent with CHC missions of enhanced
monitoring and/or health care access for safety-net
patients with high comorbidity burdens. CHCs prioritize patients with greater disease complexity
and/or more social needs and provide enhanced
education and enabling services, as well as outreach, in an effort to ensure that these patients
receive appropriate care and take the necessary
steps to manage their condition. For example,
CHCs that are recognized as patient-centered
medical homes are required to identify a chronic
condition for targeted improvement. A CHC patient-centered medical home focusing on DM care

Recommendations and Future Plans
Improving population health requires collecting
and examining data in a more holistic and systematic way that reﬂects ecosystems of patients’ healthrelated risk factors. Understanding the relationship
between SDHs and health outcomes is vital to
improving outcomes for vulnerable populations
facing health inequities. Reimbursement for Medicaid populations is transitioning to global payment
models, and there is increasing pressure on CHC
health care practitioners to document needs for
enabling services. Evaluating the way SDHs affect
health outcomes is critical to appropriately allocate
primary care resources to patients who are most at
risk and to ensure that resources are allocated to
services that are most likely to affect outcomes.
Standardized documentation of SDHs and services
in the EHR,29 including enabling services,48,49
is especially important to carry out such evaluations
to assess the intermediary role of enabling services
in treating complex patients. The data on SDHs
can also help in the development of new risk prediction methods that assess the contribution of
SDHs to and their impact on health outcomes for
all vulnerable populations at CHCs, including both
older patients with comorbidities and younger patients with a single disease. By understanding the
impact of SDHs on outcomes, CHCs, health plans,
and other health care stakeholders can be better
informed about SDHs that should be collected and
included in predicting outcomes for all patients
with any disease trajectory. In addition, using culturally and linguistically appropriate services for
patients with limited English proﬁciency, which are
often provided by multilingual and multicultural
community health workers at CHCs, can be effective in understanding and addressing patient SDHs,
especially for potentially sensitive questions (regarding, for example, incarceration and homeless
status).
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The goals set by HealthyPeople 2020 include
eliminating health disparities and explicitly support
improving the social and physical environments of
populations.50 Collecting data on SDHs and accounting for these factors in analyses will contribute to reaching these goals. Until recently, however, SDHs have not been linked to clinical
practice, and SDH data have not been routinely or
systematically collected in the medical setting. Recognizing this gap, the Institute of Medicine of the
National Academies of Science highlighted the
need to integrate SDHs into EHRs to allow for a
more holistic and integrated approach to care for
all patients51 and to facilitate more rigorous research on the causes and consequences of health
disparities and the development of interventions
and policies to reduce those disparities. Future efforts should prioritize the integration of standardized SDHs into EHR systems. To meet this need,
the National Association of Community Health
Centers, AAPCHO, Oregon Primary Care Association, and the Institute of Alternative Futures have
developed a standardized, national SDH data collection tool that was piloted across CHCs and
health center networks, including those participating in CHARN. CHARN is also seeking to expand
its data warehouse with additional SDHs so that
future analyses will be able to account for the role
of SDHs and their relationship to outcomes.

Conclusion
Insurance status and primary language are 2 SDHs
that are associated with both index levels and trajectories of HbA1c in patients with DM who are
receiving health care from a CHC on a relatively
regular basis. In CHC settings these associations
may vary depending on the complexity of disease
burden. This study demonstrates the potential
power of large, EHR-based data sets to identify
patient groups at higher risk for adverse outcomes.
Routine EHR documentation and standardization
of SDHs, as well as enabling other ancillary services, will provide a more comprehensive understanding of the complex relationships between
these measures and disease outcomes.
The authors gratefully acknowledge the following CHARN
health centers and research nodes included in the study.
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example, quality of life or physical functioning.
Finally, there were relatively small numbers of patients in certain groups (eg, DM ⫹ CVD, DM ⫹
CVD ⫹ DEP); our results should be conﬁrmed in
larger populations. Nevertheless, our study, conducted in a large safety-net population across 17
CHCs, demonstrates the need to better understand
the interplay between SDHs, comorbidity burden,
and health outcomes in vulnerable patients.
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