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ABSTRACT

Background The burden of diabetes and cardiovascular
risk is not uniform across the USA, with much of this
disparity tracking differences in socioeconomic status,
cultural practices and lifestyle. To further evaluate
disparities in these disorders, we assessed the prevalence
of diabetes, hypertension, and hypercholesterolemia in

an Old Order Amish community that is characterized by
distinctive sociocultural practices that include a very
cohesive social structure and limited use of modern
technologies and medications. We compared prevalence of
these conditions with that of the overall US population.
Method We performed a community-wide survey in

5377 Amish individuals aged 18 years and older from the
Lancaster County, Pennsylvania, Amish settlement that
included a basic physical examination and fasting blood
draw during the period 2010-2018. We then compared the
prevalence of diabetes, hypertension, and high cholesterol,
defined using standard criteria, between the Amish and
the European Caucasian subsample of the 2013-2014

US National Health and Nutrition Examination Survey
(NHANES).

Results Prevalence rates for diabetes, hypertension and
hypercholesterolemia were 3.3%, 12.7%, and 26.2% in
the Amish compared with 13.2%, 37.8% and 35.7% in
NHANES (p<0.001 for all). Among individuals with these
disorders, Amish were less likely to be aware that they
were affected, and among those aware, were less likely to
be treated with a medication for their disorder.
Conclusion There is substantially lower prevalence of
diabetes, hypertension and hypercholesterolemia in the
Amish compared with non-Amish Caucasians in the USA.
Possible factors contributing to this disparity include higher
physical activity levels in the Amish or other protective
sociocultural factors, a greater understanding of which
could inform risk reduction interventions for these chronic
diseases.

INTRODUCTION

Heart disease is the leading cause of death in
the USA, and by the year 2035, over 130 million
adults in the US population are projected to
have some form of cardiovascular disease
(CVD) with total costs projected to reach
$1.1trillion.! Among the major risk factors

Significance of this study

What is already known about this subject?

» Differences in diabetes and cardiovascular risk exist
across many populations, and these differences are
often used to speculate about the relative impor-
tance of lifestyle and other factors in diabetes and
heart disease risk.

What are the new findings?

» Compared with the overall non-Hispanic white
population in the USA, the Amish community from
Lancaster, Pennsylvania, experiences significantly
lower prevalence rates of diabetes, hypertension,
and high cholesterol.

» These associations persist even after adjustment for
body mass index.

» Amish are less lilkely to be aware of having these
conditions and, among those aware, are less likely
to be treated with a medication.

How might these results change the focus of

research or clinical practice?

» Possible factors contributing to this disparity include
higher physical activity levels in the Amish or other
protective sociocultural factors. A greater under-
standing of these may inform risk reduction inter-
ventions for these chronic diseases.

for CVD are hypertension, hypercholesterol-
emia, and diabetes. In 2005, it was estimated
that hypertension alone was responsible for
45% of all cardiovascular deaths.” Deaths due
to CVD in the USA increased steadily in the
20th century until about 1980, after which
point CVD-attributable deaths have slowly
decreased." Alarmingly, however, this rate
has leveled off beginning in about 2010. Of
particular concern is that the prevalence of
the major CVD risk factors continues to be
high. In fact, the prevalence of hypertension
among US adults increased between 1988 and
1999 to a rate of 28.5%, although this rate
has not changed through 2012.° * Diabetes
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prevalence among US adults has increased steadily from
1988 to 2012, at which point the population prevalence
was estimated at 14.3%.” In contrast, the proportion of
individuals with high total and low-density lipoprotein
(LDL) cholesterol levels have decreased over the past 30
years, although this decrease has been accompanied by
an increase in use of cholesterol-lowering medications.”™
The burden of CVD and its risk factors is not uniform
across the country, and comparisons across subpopula-
tions can be informative in highlighting health dispar-
ities and providing insights into disease risk. One such
subpopulation is the Old Order Amish (OOA), a rural
population isolate with distinctive sociocultural practices
that includes a very cohesive social structure and limited
use of modern technologies. The oldest Amish settlement
in the USA is in Lancaster County, Pennsylvania, which is
currently home to ~38000 Amish. Through community
surveys of CVD and its risk factors, we have estimated the
prevalence of the major CVD risk factors. In this paper,
we report the prevalence and control of diabetes, hyper-
tension, and high cholesterol in the Amish, contrasting
these estimates with those obtained from the US National
Health and Nutrition Examination Survey (NHANES).

RESEARCH DESIGN AND METHODS

The Lancaster County Amish

The OOA of Lancaster County, Pennsylvania, are a popu-
lation isolate. The OOA firstimmigrated to America from
Central Europe, primarily present-day Switzerland, in
the early 1700s. The Lancaster area community remains
the largest of the Amish settlements in the USA, with
an estimated size of ~38000,” virtually all descendants
of the original founders."” The present report is based
on subjects participating in the Amish Wellness Study,
a community survey carried out to assess cardiovascular
and metabolic health, disseminate this information to
study participants, and evaluate associations of genetic
and other risk factors with common diseases and related
traits. These analyses are limited to 5377 adult partici-
pants of the Amish Wellness Study enrolled between its
initiation in January 2010 and February 2018.

Recruitment

The Amish community in Lancaster County is divided
into church districts, each consisting of up to 50 house-
holds. Enrollment into the wellness study was structured
around church districts, and data for this report are
compiled from subjects in the initial 101 (of a total of
122) church districts. We targeted these initial church
districts because of their proximity to our Amish Research
Clinic in Lancaster. For each selected church district, our
recruitment teams (consisting of a research nurse and
Amish liaison) first visited each household and invited
the heads of the household to participate. If the head of
household agreed, then he or she in turn invited all age-
eligible (=18years) persons in their household to partic-
ipate. At this visit, the team obtained informed consent

for a clinical exam, administered medical history ques-
tionnaires, and scheduled subjects for an appointment.

The study examinations were conducted in the Amish
Research Clinic or the Amish Wellness mobile, a refur-
bished recreation vehicle that includes walk-in space
for participant interviews, anthropometry and blood
pressure measurements, a blood drawing station, and
a centrifuge for blood processing. Blood pressure was
measured in triplicate on a sphygmomanometer, and
blood pressure was defined as the average of all three
readings. Fasting bloods were drawn and sent to Quest
Diagnostics (Horsham, Pennsylvania) for measurement
of lipids and glucose. Glycosylated hemoglobin (HbAlc)
was not added to the Amish protocol until November
2013 and so diabetes was assessed in only 3302 (61.4%)
of the Amish subjects with HbAlc, fasting glucose, and
medication data.

Disease definitions

Disease definitions (diabetes, hypertension, and hyper-
cholesterolemia) were harmonized for these analyses
to match those used in the NHANES 2013-2014 cycle.
Subjects had diabetes if they were currently taking blood
glucose-lowering medications (and had previously been
told by a doctor that they had diabetes) or had a fasting
blood glucose 2126 mg/dL or an HbAlc 26.5%. All other
subjects not meeting these criteria were considered not
to have diabetes.

Subjects were considered to have hypertension if they
were currently taking blood pressure-lowering medi-
cations (and had previously been told by a doctor that
they had high blood pressure) or had a systolic blood
pressure (SBP) =140mm Hg or a diastolic blood pres-
sure (DBP) 290 mm Hg. Blood pressures were measured
in 99.9% (5,370/5,377) of Amish subjects and in 93.7%
(2408/2571) of NHANES subjects. Blood pressures
were calculated by taking the mean of up to three blood
pressure readings. Of the subjects with blood pressure
data, all Amish and 99.7% of NHANES had more than
two blood pressure readings. Subjects reporting that
they were currently taking cholesterol-lowering medica-
tions or had total cholesterol levels 2240 mg/dL or LDL
cholesterol levels 2160 mg/dL were considered to have
high total cholesterol or high LDL cholesterol, respec-
tively. Forty-nine Amish participants reported a negative
history of hypertension, but a review of their current
medications indicated that they were currently taking a
blood pressure-lowering medication. These subjects were
therefore considered to have hypertension. Similarly, 12
Amish subjects reported a negative history of high choles-
terol, but a review of their current medications indicated
that they were currently taking a cholesterol-lowering
medication. These subjects were considered to have high
cholesterol. We were unable to review the current medi-
cations of NHANES subjects, and therefore all NHANES
subjects reporting a negative history of hypertension
or high cholesterol were considered to be unaffected
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providing that they met the blood pressure or cholesterol
criteria.

We considered persons with diagnosed diabetes, hyper-
tension, or high cholesterol to be ‘aware’ of their disease
if they reported that they had previously been told by a
doctor that they had diabetes/hypertension or that they
had high levels of fat or cholesterol or triglyceride in their
blood. We considered persons with diagnosed disease to
be treated if they were ‘aware’ of their disease and also
reported that they were currently taking a medication for
their disease.

European Caucasians

We compared diabetes, hypertension, and hypercholes-
terolemia prevalence in the Amish with thatin non-Amish
participants from the 2013-2014 cycle of NHANES.
NHANES data are downloaded from https://www.cdc.
gov/nchs/nhanes. We used only European Caucasians
from NHANES (n=2571) to match the European ancestry
of the Amish.

Statistical analysis

We compared the frequencies of diabetes, hypertension,
and hypercholesterolemia between Amish and NHANES
stratified by age group using Poisson regression to calcu-
late the prevalence rate ratio (PRR) using the SAS V.9.4
software. For total cholesterol, we compared Amish and
NHANES both in all subjects and after excluding 12.5%
of Amish who are carriers of the known APOB R3527Q
mutation that is common in the Amish and is a known
cause of familial hypercholesterolemia.'’ Among subjects
meeting diagnostic criteria for diabetes, hypertension, or
hypercholesterolemia, we compared by % test the propor-
tion of subjects responding that they had previously been
told by a doctor of their disease (ie, were ‘aware’ of their
disease), and we compared the proportions of Amish
and NHANES subjects currently taking medications for
their disease (ie, ‘treated’) among those ‘aware’ of their
disease. We did not use NHANES sampling weights in
these analyses because we used Caucasians from NHANES
only and stratified all analyses by age and sex.

RESULTS

This report is based on 5377 subjects recruited into the
Amish Wellness Study between 2010 and 2018. The mean
household response rate across church districts was
65.6%; that is, ~2/3 of households in each church district
had at least one participating family member (range:
20%-93%). The mean age of study participants was 43.7
years (range 18-93), and mean body mass index was
26.7kg/m” (range: 15.1-68.5). The study participants
were 42.6% male (n=2291). The overall prevalence rates
for diabetes, hypertension, and hypercholesterolemia
were 3.3%, 12.7%, and 26.2%, respectively (table 1). For
comparison, mean age in the NHANES population was
50.0 years (18-80), 47.9% of subjects were male (n=1231),
and mean BMI was 29.0 (14.2-70.1) kg/mg. The overall
prevalence rates in NHANES for diabetes, hypertension,

and hypercholesterolemia were 13.2%, 37.8%, and
35.7%, respectively (table 1). In general, the sex differ-
ences in the prevalence of diabetes, hypertension, and
high cholesterol observed in the Amish mirrored those
seen in NHANES. After adjustment for age and sex, the
prevalence rates for diabetes, hypertension, and hyper-
cholesterolemia were significantly higher in NHANES
compared with Amish, and these differences persisted
with further adjustment for body mass index (table 1).

The prevalence of diabetes in the Amish increased from
0.6% (95% CI 0.3% to 1.0%) to 4.6% (95% CI 3.4% to
6.2%) to 11.7% (95% CI18.9% to 15.0%) across the three
age groups (18-44, 45-64, and 65+ years) (figure 1 and
table 2). The corresponding prevalence rates in NHANES
were 4.4%, 15.1%, and 24.2%. The age-adjusted and sex-
adjusted prevalence of diabetes was 3.3% and 13.1% in
the Amish and NHANES, respectively (PRR: 0.34 (95%
CI0.27 to 0.42), p<0.001). Among subjects with diabetes,
11 Amish (representing 10.2% of all Amish subjects with
diabetes) and 14 NHANES (representing 4.3% of all
NHANES subjects with diabetes) were currently taking
insulin and reported an age of diabetes onset before
the age of 25 years. Thus, a larger proportion of Amish
subjects with diabetes may potentially have type 1 dabetes
mellitus (T1DM) compared with NHANES subjects
with diabetes. We have previously published that Amish
individuals with age of diabetes diagnosis <3byears, but
not those with age of diabetes diagnosis >35years, are
significantly more likely to be glutamic acid decarbox-
ylase (GAD) antibody positive than Amish individuals
without diabetes.'” However, the overall prevalence of
diabetes is much lower in Amish than NHANES, and in
terms of population prevalence, Amish were less likely to
have potential TIDM (11/3302, or 0.3%) compared with
NHANES (14/2444, or 0.6%).

Because HbAlc was not measured in the first 4 years
of the wellness study, we assessed the comparability of
the 3302 wellness participants with HbAlc values (from
November 2013 to January 2018) with the 2067 well-
ness participants without HbAlc values (January 2010-
October 2013). The proportion of subjects who were
currently using glucose-lowering medications was virtu-
ally identical between the two groups (1.8% vs 1.8%,
p=0.83). Similarly, the frequency of diabetes based on
medication use and fasting glucose criteria only was also
similar between the two groups (2.5% vs 2.7%, p=0.72).

The prevalence of hypertension in the Amish increased
from 1.8% (95% CI 1.4% to 2.3%) to 17.6% (95% CI
15.7% to 19.6%) to 46.4% (95% CI 42.8% to 50.0%) in
individuals across the three age groups (figure 2 and
table 2). The corresponding prevalence rates in NHANES
were 11.5%, 43.3%, and 71.8%. The age-sex-adjusted
prevalence of hypertension was 12.7% and 37.8% in the
Amish and NHANES, respectively (PRR: 0.46 (95% CI
0.42 to 0.51), p<0.0001).

The prevalence of high total and LDL cholesterol was
higher in the Amish than in NHANES in the 18-44 years
age group (18.2% vs 13.4% for total cholesterol and
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Figure 1
NHANES, National Health and Nutrition Examination Survey.

18.4% vs 11.3% for LDL cholesterol), although lower
in the Amish in the two older age categories (33.7% vs
40.8% and 31.6% vs 37.8% for total and LDL cholesterol,
respectively, at ages 45-64 years, and 43.2% vs 63.1% and
40.3% vs 62.1% for total and LDL cholesterol, respec-
tively, at ages 65+ years) (figure 2 and table 2). Overall,
the age-adjusted and sex-adjusted prevalence of high
total cholesterol was 26.2% and 35.7% in the Amish and
NHANES, respectively (PRR: 0.87 (95% CI 0.80 to 0.94),
p<0.0001) and the age-adjusted and sex-adjusted preva-
lence of high LDL was 25.3% and 35.5% in the Amish
and NHANES, respectively (PRR: 0.87 (95% CI 0.79 to
0.95), p=0.0016). After excluding Amish subjects with the
APOBR3527Q mutation, the prevalence of high total and
LDL cholesterol was lower in the Amish at all ages and
the prevalence of high total cholesterol was 37% lower in
the Amish than in NHANES (PRR: 0.63 (95% CI 0.57 to
0.70), p<0.0001) and the prevalence of high LDL choles-
terol was 39% lower (PRR: 0.60 (95% CI 0.54 to 0.67),
p<0.0001).

Since the Amish are significantly less likely to take
physician-prescribed medications than NHANES and
thus less likely to be diagnosed on the basis of medication
use alone, we considered the possibility that the lower
frequency of hypertension and hypercholesterolemia
observed in the Amish might be an artifact of the diag-
nostic criteria for these conditions being less sensitive in
the Amish. If this were true, then one might expect to
see that among those without a diagnosis of hypertension
(or high cholesterol), mean levels of blood pressure (or
cholesterol) would be higher in Amish than in NHANES,
although below the diagnosis criteria for disease diag-
nosis. To evaluate this possibility, we therefore compared
mean blood pressures and cholesterol levels between
Amish and NHANES among individuals not diagnosed

7% NHANES

18-

NN
- I
BN\

6

v

Hypertension

Prevalence of diabetes and hypertension in Amish versus NHANES by age group. See text for diagnostic criteria.

with hypertension or high cholesterol. Among individuals
without hypertension, mean SBP was 4.5 mm Hg lower in
Amish than in NHANES (110.6+11.3 vs 115.0+10.6 mm
Hg, age-adjusted and sex-adjusted p<0.0001), while mean
DBP was slightly higher in Amish (69.0+8.4 vs 68.6+9.6,
p=0.04). Similarly, among individuals without diabetes,
mean fasting glucose was 13.4mg/dL lower in Amish than
in NHANES (83.9+8.8 vs 97.3+10.0 mg/dL, age-adjusted
and sex-adjusted p<0.0001), although mean HbAlc
was slightly higher in Amish (5.5+0.3vs 5.4%=0.4%,
p<0.0001). In contrast, among individuals without a
diagnosis of high total cholesterol, mean total choles-
terol was 9.4mg/dL higher in Amish than in NHANES
(189.2+28.7 vs 179.8+31.4mg/dL, p<0.0001). Similarly,
Amish had mean LDL cholesterols that were 9.2mg/dL
higher (113.6+25.9 vs 104.4+27.4mg/dL, p<0.0001).

Control and treatment

Among individuals meeting diagnostic criteria for
diabetes, hypertension, or hypercholesterolemia, Amish
are less likely to be aware of their disease compared with
NHANES (figure 3). For example, 51.3% of Amish with
hypertension are aware of their disease compared with
87.6% of NHANES (p<0.0001) and 38.3% of Amish with
high total blood cholesterol are aware of their disease
compared with 79.4% of NHANES (p<0.0001). Differen-
tial awareness of diabetes was much smaller, with 63.6%
of Amish with diabetes aware of their disease compared
with 71.7% of NHANES (p=0.17).

Among those ‘aware’ of their disease, Amish were also
less likely to report that they were currently taking medi-
cations to treat their disease compared with NHANES.
For example, 72.1% of Amish aware of their diabetes
reported taking glucose-lowering medications compared
with 84.7% of NHANES (p=0.30). Similarly, 62.3% of
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Amish aware of their hypertension reported taking blood
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k] o . . .
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guidelines. These results might be expected given that
Amish do not participate in government-sponsored
medical insurance programs and are less likely to receive
medical care compared with non-Amish Caucasians in
the USA.

The lower prevalence of hypercholesterolemia in the
Amish occurs despite the fact that 12% of Amish carry
at least one copy of a familial hypercholesterolemia-
associated allele at the APOB locus that is associated with
a ~70mg/dL increase in LDL cholesterol levels. More-
over, if individuals with the APOB R3527Q mutation, a
highly drifted variant associated with familial hyper-
cholesterolemia carried by 12% of the Amish popula-
tion, are excluded, Amish have a 37% lower prevalence
of high total cholesterol. The Amish are also enriched
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for at least one other known genetic variant (near the
pseudogene, APOOPI) that is also associated with high
LDL cholesterol levels, with 15% of Amish carrying at
least one copy of this variant and each copy associated
with ~15mg/dL increase in LDL cholesterol.'® Because
of these mutations, the prevalence of high cholesterol is
actually higher in younger Amish than in younger non-
Amish, but as other (non-genetic) causes of high choles-
terol become more prominent with age, the prevalence
of high cholesterol becomes higher in the non-Amish
beginning in middle age.

It seems likely that there are distinctive features about
the Amish community or Amish lifestyle that contribute
to their relative protection against diabetes, hypertension,
and high cholesterol. Two features in particular stand
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out. First, the Amish tend to be far more physically active
than their non-Amish counterparts, as we'* and others'* '°
have previously documented. The protective effects of
physical activity on cardiometabolic health are well docu-
mented, including in the Amish,17 and the more active
Amish lifestyle may contribute to less diabetes, hyperten-
sion, and high cholesterol in this population. Second, the
structure of Amish culture is very different from the non-
Amish, and some aspects of this culture may confer addi-
tional benefits to cardiometabolic health. For example,
Amish culture is very socially cohesive and at its core lies
a strong ethos of community and family support. One
can imagine that such a culture could be beneficial for
dealing with stress. It is also possible that components of
the Amish diet confer protection against these common
cardiovascular risk factors. In sum, the relation of Amish
culture to health is undoubtedly complex, and this is a
topic in need of future study.

An intriguing observation from our study is that Amish
have substantially lower fasting glucose levels compared
with NHANES despite slightly higher levels of HbAlc. We
have no clear explanation for this, and it is unlikely to
be due to assay issues because glucose and HbAlc were
measured in a central standardized lab (Quest). Possibly,
glycemic excursions are not well captured in the Amish
by a single fasting glucose. Amish do have slightly longer
fasting times compared with NHANES, although this
alone accounts for very little of the discrepancy. Amish,
who tend to wake up early, may also be more physically
active during the fasting period compared with non-
Amish potentially contributing further to lower fasting
glucose levels. It is also possible that non-glycemic factors
(eg, red cell turnover and overall physical activity levels)
may be at play that contribute to low fasting glucose levels
in the Amish or to a mismatch of glucose and HbAlc
levels.

One limitation of our study is that it is based on cross-
sectional data. The possibility must therefore be consid-
ered that the incidence of one or more of these disorders
could be similar between Amish and NHANES but Amish
with these conditions might experience reduced survival,
thus resulting in a lower prevalence. In fact, we have
previously documented that Amish in general have less
access to medical care.'® Although we are aware of no
data specifically addressing case fatality from these condi-
tions in the Amish, we regard this possibility as unlikely
since overall mortality among Amish adults is very similar
to that observed in the Framingham Heart Study Cohort,
although this prior analysis was restricted to individuals
born between 1890 and 1921."® Our survey is based on a
sample of the Amish community, and the frequencies of
these disorders in this sample may not represent those in
the overall community.

In summary, we have demonstrated that Amish have a
substantially lower prevalence of diabetes and hyperten-
sion compared with NHANES and a moderately lower
prevalence of high cholesterol. The reasons for these
prevalence differences are not known although likely

relate to distinctive features of the Amish lifestyle and
community that may be protective for cardiometabolic
health, such as the relative high levels of physical activity
and the cohesive and supportive structure of the Amish
community.
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