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Analysis of Attained Height and
Diabetes Among 554,122 Adults
Across 25 Low- and MiddleIncome Countries
Diabetes Care 2020;43:2403–2410 | https://doi.org/10.2337/dc20-0019

We pooled individual-level data from nationally representative surveys in LMICs
that included anthropometric measurements and diabetes biomarkers. We calculated odds ratios (ORs) for the relationship between attained adult height and
diabetes using multilevel mixed-effects logistic regression models. We estimated
ORs for the pooled sample, major world regions, and individual countries, in addition
to stratifying all analyses by sex. We examined heterogeneity by individual-level
characteristics.
RESULTS

Our sample included 554,122 individuals across 25 population-based surveys.
Average height was 161.7 cm (95% CI 161.2–162.3), and the crude prevalence of
diabetes was 7.5% (95% CI 6.9–8.2). We found no relationship between adult height
and diabetes across LMICs globally or in most world regions. When stratifying our
sample by country and sex, we found an inverse association between adult height
and diabetes in 5% of analyses (2 out of 50). Results were robust to alternative model
speciﬁcations.
CONCLUSIONS

Adult height is not associated with diabetes across LMICs. Environmental factors in
early life reﬂected in attained adult height likely differ from those predisposing
individuals for diabetes.
Noncommunicable diseases (NCDs), such as type 2 diabetes, are rapidly rising in lowincome and middle-income countries (LMICs) (1,2), and there is an urgent need to
understand factors driving this rise. To explore knowledge gaps that remain unexplained by more established risk factors (3), increasing attention has been paid to
early life factors in chronic disease etiology (4). The underlying Developmental Origins
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OBJECTIVE

The prevalence of type 2 diabetes is rising rapidly in low-income and middle-income
countries (LMICs), but the factors driving this rapid increase are not well understood.
Adult height, in particular shorter height, has been suggested to contribute to the
pathophysiology and epidemiology of diabetes and may inform how adverse
environmental conditions in early life affect diabetes risk. We therefore systematically analyzed the association of adult height and diabetes across LMICs, where
such conditions are prominent.
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height than is observed between different social groups within populations
(13,14).
Adult height relates to commonly accepted risk factors for diabetes, such as
BMI, in a number of ways. First, BMI might
underestimate diabetes risk in populations in whom adverse conditions in early
life are common (5). In light of the Developmental Origins of Health and Disease
paradigm, relatively small increases in
adiposity during adulthood might increase diabetes risk if individuals have
been exposed to detrimental conditions in
early life (15). Second, adult height predicts
mortality independent of adiposity (16),
and the relationship of height and several
NCDs has been widely scrutinized. Adult
height, for instance, is related to lower
cardiovascular risk, but higher cancer risk
(5). Third, in contrast to BMI, adult height is
largely determined by late adolescence and
is therefore potentially less vulnerable to
reverse causation bias compared with anthropometric indicators that are more
volatile over time. This may particularly
be the case in cross-sectional studies in
which the time ordering between the
exposure and outcome (diabetes) cannot
be established clearly.
Evidence on the relationship between
adult height and diabetes is limited (5),
but appears to point to an inverse association, consistent with the Developmental Origins of Health and Disease
paradigm (17,18). A recent systematic
review and meta-analysis of 15 crosssectional studies and 10 cohort studies
concluded that shorter height is associated with increased risk of type 2 diabetes (18). Intensiﬁed screening and

prevention efforts in shorter individuals
have been suggested (19), as well as the
inclusion of height in the calculation of
diabetes risk scores (20,21). Existing evidence on the relationship between adult
height and diabetes, however, is limited
to mostly heterogeneous studies focused
on high-income settings (18). While the
Developmental Origins of Health and
Disease paradigm is not restricted to
certain populations, its effects may be
more pronounced in contexts in which
adverse environmental factors, such as
fetal and early childhood malnutrition,
are highly prevalent (3). Further, in rapidly developing countries, individuals who
face nutritional deﬁciencies in early life
may be met with abundance at later
stages, making a detrimental metabolic
adaptation a likely risk factor for chronic
diseases such as type 2 diabetes in these
settings (22). In this study, we therefore
pooled individual-level, nationally representative survey data from 25 LMICs (N 5
554,122), including China and India. Our
aim was to systematically assess the relationship between measured attained
adult height and diabetes.
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RESEARCH DESIGN AND METHODS
Data Sources

Prior to data acquisition, we deﬁned several inclusion criteria for eligible surveys.
Surveys were considered eligible if they:
1) were conducted later than 2004; 2)
were nationally representative; 3) contained individual-level data; 4) had a response rate of at least 50%; 5) assessed
anthropometric measurements and diabetes biomarkers; 6) took place in a
country considered a low-, lower-middle–,
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of Health and Disease paradigm suggests
that individuals exposed to adverse environmental inﬂuences, particularly malnutrition, in utero and in early childhood
are predisposed to develop NCDs such as
type 2 diabetes in adulthood (5). Possible
mechanisms involved in the developmental programming of type 2 diabetes have
been suggested to include structural and
functional alterations affecting glucose
metabolism, such as reduced b-cell mass
and pancreatic insulin secretion (6).
Although adverse conditions in early
life have commonly been assessed by
body weight (7), they also translate into reduced attained adult height at the
population level (8,9). Undernutrition in
utero and in early life as well as repeated
or chronic infections restrict individuals
from reaching their full physical growth
potential and may cause low birth weight,
early childhood stunting, and, ultimately,
shorter attained adult height (8,10). Height
in high-income countries has been estimated to be ;20% environmentally determined (11). In low-resource settings,
in which food scarcity and infectious diseases are more frequent and more severe, the environmentally determined
component of height appears to be higher
(11), and it has been suggested that adult
height can be restricted by $10–15 cm in
the most extreme conditions (12). The
extent to which variation in height among
distinct populations is genetically determined is unclear. For example, in the U.S.
and Europe, immigrants have tended to
reach similar heights as those in the
original populations within two generations, and advantaged groups in different
populations tend to reach more similar
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Our key exposure was attained adult
height as a continuous variable in centimeters. For the WHO STEPS and Demographic and Health Surveys, which
make up the majority of the surveys in
our sample, adult height was typically
measured once in a standing position
using a portable height measuring board
from Seca (24) or ShorrBoard (Weigh and
Measure, LLC, Olney, MD) (25). Measurements were performed by trained staff
following a detailed ﬁeld manual. Individuals were deﬁned as having diabetes
based on WHO biomarker cutoffs: a fasting blood glucose of $7.0 mmol/L; a
random blood glucose of $11.1 mmol/L;
or an HbA1c level of $6.5% (26). Individuals with self-reported use of diabetes
medication but normal biomarker values
were also deﬁned as having diabetes.
In 4 countries, glucose concentrations
were measured in venous blood and in
18 countries in capillary blood, of which
12 were already provided as plasma
equivalents. For the six remaining countries, we multiplied capillary glucose
values by 1.11, based on prior evidence
suggesting that plasma glucose levels are
often underestimated by capillary glucose levels (27). Three countries exclusively measured HbA1c. Individuals with
missing information on fasting status
were assumed to be fasting because they
were instructed to fast as part of the
study protocol for all countries, except in
the case of India, where random blood
glucose was measured.

Study Population

Covariates

We included participants 25 to 64 years
of age, as most STEPS surveys limit their

We included age (continuous), educational attainment (level attained at the

biomarker assessment to this age range.
We thus focus on type 2 diabetes and
individuals who have not yet experienced
a substantial loss in linear height due to
aging (we examine alternative age criteria, however, in sensitivity analyses described below). We limited our analyses
to participants with complete data on our
exposure, outcome, and covariates. Average response rate, taking into account
both household and individual response
rates, was 88% across countries included
in the study, yielding a ﬁnal analytical
sample of 554,122 individuals (Tables 1
and 2). Supplementary Fig. 3 displays a
study participant ﬂow diagram.
Measurement of Exposure and End
Points

time of the survey), and a measure of
household wealth (quintiles) as covariates to control for potential confounding
in our analysis. We constructed a household wealth index based on four different
measurements of household wealth (income categories, continuous income, income quintiles, or an asset index). The
surveys used different methodologies for
the computation of wealth indices. For
surveys assessing various dwelling characteristics and household possessions,
we created an asset index based upon a
principal component analysis according
to the standard approach of the Demographic and Health Surveys, from which
we then derived unweighted wealth quintiles. Countries that assessed wealth by
self-reported household income mostly
adhered to the WHO STEPS standard
questionnaire. Participants were asked
about average household income per
week, month, or year in the past year and,
if the question remained unanswered,
had the possibility to choose the most
applicable of several precoded income
ranges. In accordance with the procedure
by Harttgen and Vollmer (28), we used
both the precoded ranges and the continuous income levels to again create
unweighted wealth quintiles, assuming
that national incomes follow a log-normal
distribution. Additional details are
provided elsewhere (29). In descriptive
statistics, BMI was grouped into thin
(BMI ,18.5 kg/m2), lower-normal (BMI
18.5–19.9 kg/m2), normal (BMI 20.0–
22.9 kg/m2), upper-normal (BMI 23.0–
24.9 kg/m2), overweight (BMI 25–29.9
kg/m2), and obesity (BMI $30 kg/m2)
(30).
Statistical Analyses

To determine the relationship between
attained adult height and diabetes, we
ran multilevel mixed-effects logistic regression models to obtain odds ratios
(ORs) with 95% CIs, controlling for potential confounders. To account for the
hierarchical structure of our data set, we
included random intercepts for world
region and country in pooled analyses.
We adjusted SEs for clustering at the
highest-level random intercept or at the
primary sampling unit level when applicable. Two different multiple models
were ﬁtted. In model 1, we only included
diabetes and height as variables. In model
2, our main model, we added age, education categories, and wealth quintiles.
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or upper-middle–income country according to the World Bank classiﬁcation in
the year the survey was conducted; and,
lastly, 7) contained information on the
educational attainment and wealth status of respondents. As a ﬁrst step, we
identiﬁed 109 existing World Health Organization (WHO) STEPwise approach to
Surveillance (STEPS) NCD risk factor surveys, of which 49 fulﬁlled our inclusion
criteria and 16 could eventually be acquired and included in our data set (23).
These included Benin, Bhutan, Comoros,
Eswatini, Georgia, Guyana, Kenya, Lebanon, Liberia, Mongolia, Nepal, Saint
Vincent and the Grenadines (SVG), Tanzania, Timor-Leste, Togo, and Uganda
(Supplementary Fig. 1). As a second step,
we systematically searched for applicable non-STEPS health surveys. We were
able to identify 97 further surveys, of
which 21 fulﬁlled the inclusion criteria
and 7 could be ﬁnally obtained and included (see Supplementary Box 1 for
search algorithm). These included La
Encuesta Nacional de Salud y Nutrición
(Ecuador), the Demographic and Health
Surveys (Bangladesh, India, and Namibia), the Mexico Family Life Survey, the
Study for the Evaluation of Prevalence of
Hypertension and Cardiovascular Risk
(Romania), and, lastly, the South African
National Health and Nutrition Examination Survey. We also included the China
Health and Nutrition Survey, which represents substantial variation in geography,
health indicators, and economic development in China, and the Indonesian Family
Life Survey, which represents 83% of the
Indonesian population (Supplementary
Fig. 2). Our ﬁnal data set included 25 surveys collected between 2008 and 2016.
Country-speciﬁc sampling methods and
sources are reported for each survey in SupplementaryTable1.Brieﬂy, 13ofthesurveys
(Bangladesh, Comoros, Eswatini, Georgia,
Guyana, India, Mexico, Namibia, Romania,
SVG, Timor-Leste, Togo, and Uganda) used
a two-staged random sampling process,
while other surveys included further stages
in their sampling structure. Twelve of the
surveys stratiﬁed their sample, typically
by urban and rural areas (Bangladesh,
Comoros, India, Indonesia, Mongolia,
Namibia, Nepal, Romania, South Africa,
SVG, Timor-Leste, and Uganda).
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Table 1—Study country characteristics by world region
Response
rate, %

Sample
size

Mean age, years
(weighted)

Female, %
(weighted)

Income group

Stunted,
%

2015 population,
thousands

2012
2016
2009–12
2013

81.5
66.7
90.0
67.8

8,939
552
2,214
631

39.0
41.7
47.7
41.9

56.4
52.2
44.5
56.4

Upper-middle
Upper-middle
Upper-middle
Upper-middle

25.4
11.3
13.6
d

16,144
769
125,891
109

Eastern Europe and
the Middle East
Georgia
2016
Lebanon
2008–09
Romania
2015–16

75.7
62.0
69.1

2,018
178
1,253

44.6
39.0
44.2

53.4
58.3
53.4

Lower-middle
Upper-middle
Upper-middle

11.3
16.5
12.8

3,952
5,851
19,877

South, East, and
Southeast Asia
Bangladesh
Bhutan
China
India
Indonesia
Mongolia
Nepal
Timor-Leste

2011
2014
2009
2015–16
2014
2009
2013
2014

95.0
96.9
88.1
96.0
83.0
95.0
98.6
96.3

5,922
2,240
6,198
490,532
4,283
1,111
3,046
1,361

46.7
39.1
47.3
37.0
42.2
39.6
39.8
41.8

51.1
41.5
53.3
46.6
51.3
45.2
52.7
55.2

Lower-middle
Lower-middle
Upper-middle
Lower-middle
Lower-middle
Lower-middle
Low
Lower-middle

41.3
33.5
9.0
37.9
36.4
15.5
37.5
50.9

161,201
787
1,397,029
1,309,054
258,162
2,977
28,656
1,241

Sub-Saharan Africa
Benin
Comoros
Eswatini
Kenya
Liberia
Namibia
South Africa
Tanzania
Togo
Uganda

2008
2011
2014
2015
2011
2013
2012
2012
2010
2014

99.0
96.5
81.8
95.0
87.1
96.9
92.6
94.7
91.0
99.0

3,228
1,227
1,207
3,121
1,379
3,200
2,154
4,085
2,043
2,000

43.5
40.9
39.1
38.2
38.5
46.8
40.7
39.1
38.9
39.1

50.5
74.8
52.8
50.3
54.2
60.2
52.3
47.5
50.1
54.2

Low
Low
Lower-middle
Lower-middle
Low
Upper-middle
Upper-middle
Low
Low
Low

43.4
31.1
25.5
26.2
41.8
22.7
27.2
37.1
27.6
28.9

10,576
777
1,319
47,236
4,500
2,426
55,291
53,880
7,417
40,145

d

87.8

554,122

42.5

50.2

d

27.7

3,555,267

Latin America and
the Caribbean
Ecuador
Guyana
Mexico
SVG

World (all data)

Mean age and percentage female calculated using sampling weights. The prevalence of early childhood stunting (Stunted, %) in the year closest to the
survey was derived from the joint United Nations International Children’s Fund/WHO/World Bank database. Stunting was deﬁned as below 22 SDs from
the median of the WHO 2006 reference population in terms of height-for-age. 2015 population size estimates were derived from the 2017 World Bank
World Population Prospects.

We used equal weights for each country
so that every country equally contributes
to the analysis regardless of country
sample size (we examine alternative
country sampling weights in sensitivity
analyses). We examined the relationship
at the global level, by major world region
and country, in addition to stratifying
all analyses by sex. Descriptive statistics
were calculated using sample weights.
Sensitivity Analyses

We subjected our regression results to a
wide range of robustness checks. First,
we added quadratic and cubic terms in
age to account for possible nonlinearities
in the relationship between age and diabetes. Second, we expanded our deﬁnition of diabetes to include individuals
with self-reported diabetes diagnosis as

having diabetes. Third, although participants were instructed to fast, we excluded individuals who did not explicitly
conﬁrm their fasting status. Fourth, we
modeled our outcome using a Poisson
regression model to obtain risk ratios.
Risk ratios are more intuitively interpretable and similar to ORs when the binary
outcome is relatively uncommon. Fifth,
we used alternative speciﬁcations of our
outcome including a continuous outcome (blood glucose or HbA1c), dysglycemia (fasting blood glucose of $5.6
mmol/L or HbA1c level of $5.7%), and
diabetes diagnostic categories in multinomial regression models (normal, prediabetes, and diabetes) (31). Sixth, we
used an alternative speciﬁcation of our
sample (aged 20–70 years). Seventh, we
converted our exposure for height into

a categorical variable (quartiles) instead
of a continuous variable. Eighth, we
weighted countries proportional to their
population size. We also conducted a
“leave-one-out analysis” by rerunning
our pooled analyses but excluding India.
Ninth, although data on covariates were
missing for relatively few respondents
(2.2%), we reran our main analyses after
multiple imputation of missing variables
in the data set. Tenth, we standardized
height by conducting a z-transformation.
We also used sex-speciﬁc WHO reference
values for attained height at 19 years of
age to externally standardize our exposure variable (32). Eleventh, we controlled for the diabetes ascertainment
approach at the individual level to account for variation in diagnostic diabetes
ascertainment (blood glucose, HbA1c, or
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year

Country
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Table 2—Selected characteristics of study participants
Overall

With diabetes

Without diabetes

Weighted mean or
percentage

Unweighted
n

Weighted mean or
percentage

Unweighted
n

Weighted mean or
percentage

Height
Age

554,122
554,122

161.7
41.5

22,497
22,497

161.6
47.6

531,625
531,625

161.7
41.0

Sex
Male
Female

99,698
454,424

47.3
52.7

5,711
16,786

47.44
52.56

93,987
437,638

47.26
52.74

Education
None
Primary
Secondary or more

185,788
92,201
276,133

19.2
28.5
52.3

6,030
4,187
12,280

12.36
32.63
55.01

179,758
88,014
263,853

19.77
28.14
52.09

Wealth quintile
Poorest
Poorer
Middle
Richer
Richest

103,555
113,735
114,933
111,735
110,164

19.3
19.8
19.2
20.5
21.2

2,596
3,278
4,183
5,703
6,737

17.30
20.87
14.94
23.22
23.66

100,959
110,457
110,750
106,032
103,427

19.46
19.67
19.54
20.28
21.05

BMI (kg/m2)
Thin (,18.5)
Lower-normal (18.5–19.9)
Normal (20.0–22.9)
Upper-normal (23–24.9)
Overweight (25–29.9)
Obesity ($30)

82,623
70,803
165,036
88,185
110,015
37,460

7.14
8.53
24.06
15.88
26.62
17.77

1,483
1,351
4,315
3,497
7,441
4,410

2.93
3.65
13.15
11.91
32.03
36.32

81,140
69,452
160,721
84,688
102,574
33,050

7.48
8.93
24.95
16.21
26.17
16.26

Mean or percentage use sample weights provided by the individual surveys and rescaled so that every country contributes equally.

both). Lastly, we added BMI (continuous)
as a possible mediator in the relationship
between adult height and diabetes.
Heterogeneity

We explored heterogeneity in the relationship between attained adult height
and diabetes by key individual characteristics (educational attainment and birth
cohort). The association between attained
adult height and diabetes, for instance,
may vary between individuals who are
born during afﬂuent, normal, or poor
periods (10,13). In the absence of longitudinal or time-series data, we therefore stratiﬁed our analyses by birth cohort
characteristics (infant mortality rate). We
also stratiﬁed our analyses by changes in
living standards over an individual’s life
course (4), using the absolute decrease
in infant mortality rate between infancy
and adulthood. In doing so, we hypothesized that those who experienced substantial changes in living standards over
time may have been at particular increased risk of developing diabetes later
in life, because the early life adaptive
response to adversity may be detrimental when the nutritional environment
improves drastically later on in life (22).
Additional details on these analyses are
presented in Supplementary Text 1 in
the Supplementary Material.

Data Availability and Ethics

This study includes individual-level data
with measured height and biomarkers
for diabetes from 25 countries. Some of
these data are publicly available, while
other data are available by request to the
country (e.g., the WHO STEPS surveys).
We have arranged speciﬁc data use
agreements for surveys that are not
publicly accessible and are therefore unable to share these data given the terms
of our agreements. Supplementary Table
1 provides a complete list of survey reports with country contacts through
whom those data that are not publicly
available may be requested. Stata version 15.1 was used for all statistical
analyses. This study was approved by
the Harvard T.H. Chan School of Public
Health Institutional Review Board (Boston, MA).
RESULTS
Sample Description

Our ﬁnal sample included 554,122 individuals across 25 LMICs. In our study
population, attained adult height was on
average 161.7 cm (95% CI 161.2–162.3).
This estimate is ;8 cm shorter than the
average in the U.S. (a substantial difference considering that height typically
has an SD of ;7 cm) (33). Overall, crude

prevalence of diabetes in our sample was
7.5% (95% CI 6.9–8.2) (Table 2).
Association Between Adult Height and
Diabetes in LMICs

Regression models using pooled individuallevel data from 25 LMICs show that,
contrary to expectations based on the
Developmental Origins of Health and
Disease paradigm (3) and prior evidence
(17,18), the ORs of height and diabetes
ﬂuctuated closely around 1.0, mostly
without reaching conventional benchmarks of statistical signiﬁcance (Fig. 1 and
Supplementary Table 2). As a notable
exception, when stratifying our models
by world region, we found that men in
South, East, and Southeast Asia who
were 1 cm taller had 3.1% higher odds
(95% CI 0.6–5.6) of having diabetes (as
opposed to lower as hypothesized). Results were consistent across a wide range
of sensitivity analyses, including when
using alternative speciﬁcations of our
outcome, covariates, sample, and sample
weights (Supplementary Figs. 4–18 and
Supplementary Tables 3–6).
In Fig. 2, we show regression results
for the relationship between attained
adult height and diabetes using individuallevel data stratiﬁed by country and sex.
ORs were closely distributed around 1.0
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and did not reach statistical signiﬁcance
with a few exceptions. The previously
reported inverse relationship between
attained adult height and diabetes was
found in 5% of analyses (2 out of 50). In
Namibia, for instance, women who were
1 cm taller had 3.3% lower odds (95% CI
0.5–6.1) of having diabetes. We also
identiﬁed positive associations between
attained adult height and diabetes among
women in China, Indonesia, and TimorLeste, as well as among men in Tanzania
and Timor-Leste. In Indonesia, for instance, women who were 1 cm taller
had 4.5% higher odds (95% CI 2.5–6.6)
of having diabetes.
Heterogeneity

In our main analyses, we examined the
relationship between attained adult height
and diabetes at the global level, by major
world region, individual country, and sex.
In Supplementary Figs. 19–21, we show
results for heterogeneity in the relationship between adult height and diabetes
by additional individual characteristics
(educational attainment and birth cohort).

Consistent with our main ﬁndings, ORs
for diabetes were generally closely distributed around 1.0. When stratifying
our analyses by educational attainment,
none of the coefﬁcients on adult height
reached conventional signiﬁcance levels
(Supplementary Fig. 19). When stratifying our analyses by birth cohort-level
infant mortality rate, the relationship
between adult height and diabetes appeared somewhat more pronounced
among men who were born during periods
with low infant mortality rates (as opposed
to high mortality rates as hypothesized)
(Supplementary Fig. 20).
CONCLUSIONS

Using nationally representative survey
data from 554,122 individuals, we found
little evidence for a relationship between
measured attained adult height and diabetes across 25 LMICs globally or in
most world regions. When stratifying our
analysis by country and sex, we identiﬁed
the previously described inverse association between adult height and diabetes in 5% of analyses. Our results were
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Figure 1—Global- and world region-sex–stratiﬁed ORs of height and diabetes. Figure shows
adjusted ORs from multivariable mixed-effects logistic regression models in the pooled sample and
by world region, separately for women (red) and men (blue). The outcome was diabetes based on
measured biomarkers, and exposure was measured height in centimeters. The OR reﬂects the
change in odds with every centimeter gain in height. Globally, the OR of having diabetes ﬂuctuated
closely around 1.0. All models controlled for age (years), education, and household wealth and
included a random intercept for country. Additionally, in the pooled analysis, a random intercept
for world region was included. Countries were weighted equally. Full regression output and
sensitivity analyses, including using alternative speciﬁcations of the model, variables, sample, and
sample weights, are presented in Supplementary Figs. 4–18 and Supplementary Tables 2–6. Error
bars represent 95% CIs. N 5 554,122. **P , 0.05 (two-sided).

consistent across a wide array of robustness checks, including when using alternative speciﬁcations of our model, exposure,
outcome, analytical sample, and sample
weights. Our ﬁndings suggest that adult
height may play a more muted role in
diabetes in LMICs than previously suggested
by studies mostly focused on high-income
country settings (17–20). To our knowledge, no other study has analyzed biomarker data on this scale to further our
understanding of the link between attained adult height and diabetes in
low-income and middle-income settings.
This study has several implications.
First, our ﬁndings imply that the aspects
of fetal and childhood nutrition inﬂuencing adult height likely differ from those
predisposing individuals for adiposity and
diabetes. Second, our ﬁndings point to a
potential “decoupling” of risk factors for
chronic undernutrition and diabetes,
possibly resulting from the emergence of
other different underlying drivers. Although undernutrition and obesity are
both thought to be caused by poor-quality
diets (such as low-quality calories) (34),
their determinants are likely to be different if chronic undernutrition (as proxied
by adult height) and diabetes were not
associated. Third, as we found no relationship between height and diabetes in LMIC
settings where adverse environmental
conditions are highly prevalent, it appears unlikely that these conditions explain inverse associations observed in
populations in high-income countries.
The ﬁndings challenge prior evidence
from more afﬂuent settings, which has
interpreted an inverse association between adult height and diabetes on the
basis of the Developmental Origins of
Health and Disease paradigm (17,18).
Based on evidence from high-income
countries, intensiﬁed screening and prevention efforts in shorter individuals
have recently been suggested (19), as
well as the inclusion of adult height in the
calculation of diabetes risk scores (20,21).
Policy makers in LMICs and funders of
international development programs, however, should be aware of the lack of
association between adult height and
diabetes when designing policies aimed
at reducing chronic disease in developing settings.
Despite our large-scale data collection
effort to obtain both measured height
and biomarker data on diabetes globally,
this study has several limitations. First,
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although we controlled for known confounders, our study design does not
allow testing for causal inference. Second, diabetes measurements may have
yielded inaccuracies as biomarkers were
generally measured only once, in capillary instead of venous blood, and fasting
status was veriﬁed by self-report. Nonetheless, a key strength of our study was
the availability of these individual-level
biomarker data for diabetes as opposed
to examining risk factors of diabetes as the
primary outcome, such as BMI (35). Third,
we were not able to distinguish between
type 1 and type 2 diabetes. However, the
incidence of type 1 diabetes is relatively
low compared with type 2 diabetes, particularly in the age group .25 years of age
(36). Fourth, our results may not generalize
beyond the LMICs analyzed in the current
study. Fifth, to interpret the association
of attained adult height and diabetes in

the context of the Developmental Origins
of Health and Disease paradigm, one
must rely on the assumption that adult
height is a plausible proxy for environmental conditions in early life, particularly
malnutrition, at the population level (37).
Adults, however, may be of shorter height
for reasons unrelated to childhood living
conditions (8). Individuals with exposure
to childhood stunting and catch-up growth
can also not be differentiated from individualswithnormalgrowth.Nevertheless,there
is only a narrow time frame in which complete catch-up growth is possible (38,39).
Furthermore, observed adult height
mayconceal otherimportantconsequences
ofadverseexposuresinearlylife.Speciﬁcally,
adversity in early life may affect observed
adult height at the population level through
two main channels: scarring and selective
mortality. Scarring occurs when the
entire distribution of height is shifted

downward due to an adverse exposure in
early life (40). Selective mortality, in contrast, can bias downward, cancel out, or
even dominate over the scarring effects,
resulting in greater observed height in
adulthood due to mortality being higher
among children with underlying health problems. Selective mortality has been suggested
to dominate over scarring when conditions
are particularly harsh, such as in the Great
Chinese famine and the Great Irish famine,
as well as in a number of sub-Saharan
African countries, such as Chad and Mali
(13). Nevertheless, attained adult height
has been shown to be a measure of
cumulative net nutrition on a population
level (8).
As a conclusion, adult height is not
associated with diabetes across LMICs, in
contrast to ﬁndings from high-income
country settings. Environmental factors in
early life reﬂected in attained adult height
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Figure 2—Country-sex–stratiﬁed ORs of height and diabetes. Figure shows adjusted ORs from multivariable logistic regression models by country,
separately for women (left panel) and men (right panel). The outcome was diabetes based on measured biomarkers, and exposure was height measured
in centimeters. The OR reﬂects the change in odds with every centimeter gain in height. The ORs of having diabetes at the sex-country level were closely
distributed around 1.0. All models controlled for age (years), education, and household wealth. Sensitivity analyses, including using alternative
speciﬁcations of the model, variables, sample, as well as sample weights, are presented in Supplementary Figs. 4–18 and Supplementary Tables 3–6.
Error bars represent 95% CIs. N 5 554,122. **P , 0.05; ***P , 0.01 (two-sided).
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likely differ from those predisposing individuals for diabetes.
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